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In this thesis, a revtew regarding the syntheses of Gabosine I, streptol, 
1-epi-Streptol and a-D-pseudo-glucose ts presented. Gabosine analogues were 
synthesized involving both a direct aldol reaction and an intramolecular 
Horn er-Wadsworth-Emmons(HWE) olefination as the key step, using D-glucose and 
D-mannose as the starting materials. 
Protected Gabosine I 59, 70 and 76 which were precursors of Gabosine I 
and protected 2-epi-Gabosine I 84 were afforded in good yields via an intramolecular 
HWE reaction. Protected 2-epi-Gabosine I 84 was furnished through a direct aldol 
reaction. 
Protected Gabosine I 76 was used as the starting material in different 
synthetic avenues, which yielded streptol that could be also obtained from 70, 
1-epi-streptol, a-D-pseudo-glucose and the two diastereoisomers of Gabosine K 109 
and 110. The route toward the other two diastereoisomers of Gabosine K 108 and 104 
were achieved from protected 2-epi-Gabosine I 84. 
a-D-pseudo-glucose 49 was synthesized from D-glucose using intramolecular 




本文綜述了天然產物 Gabosine 1 , streptol , l-epi-Streptol 和
α-o-pseudo-glucose 的合成。其中 以 0-葡萄糖和 0-甘露糖為原料，通過直接經醒
縮合反反和分子內 HWE (Horner-Wadsworth-Emmons)~婦化作用合成 Gabosine 類
似物 。
通過分子內 HWE反應以較高產率合成了經基被保護的 Gabosine 1化合物
59, 70 和 76 以放經基保護的 2-epi-Gabosine 1 84 0 其中通過直接經醒縮合反應合
成了保護的 2-epi-Gabosine 1 84 。
以保護 的 76 為原料可以分別通過不同路線合成終產物 streptol ，
l-epi-Streptol ， α-o-pseudo-glucose 和另外兩個 Gabosine K 的非對映異構體 109
和 110，其中 streptol 同樣可以通過 70 合成 。 而另外兩個 Gabosine 1 的非對映異
構體 108 和 104 可以通過保護的 2-epi-Gabosine 1 84 合成得到。
以 0-葡萄糖為原料通過分子內 Horner-Wadswo的-Emmons(HW曰:婦化為
關鍵的一步反應在七步內以 22% 的產率合成了 α-o-pseudo-glucose 。
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oc degree Celsius 
cat. catalytic 
cone. concentrated 
8 chemical shift in parts per million downfield from 
tetramethylsilane 
d day (s), doublet (spectral) 
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DIAD diisopropyl azodicarboxylate 
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1.1 Gabosines and Its Related Derivatives 
Gabosines, a family of hydroxylated cyclohexenones and cyclohexanones, 
may be classified as pseudo- or cabasugars. 1 So far, 15 naturally occurring Gabosines 
have been discovered according to the literature. Three are cyclohexanones and the 
others are cyclohexenones. 
Figure 1. Gabosines Family. 
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Isolated from Stremptomyce strains in 1974, gabosines have been shown to 
display interesting bioactivities la such as antibiotic,2 anti-cancer3 and DNA binding 
properties.4 Different total syntheses of Gabosines had emerged since the first 
discovery and isolation of gabosine by Tatsuta in 1974. 1 a 
Four enantiospecific syntheses, using either an intramolecular nitrile ox ide 
cycloaddition (INOC) for gabosine E and enantiomer of gabosine C,5 intramolecular 
Nozaki-Kishi reaction for Gabosine 1,6 SnCb promoted aldol-type cyclization of 
phenylsulfonyl enol silyl ether for gabosine C and COTC7, ring-closing alkene 
metathesis for gabosine C, A, N8 and COTC9 as the key step, were employed to 
construct the carbocycle-skeleton of gabosines from carbohydrates as the starting 
materials. 
Synthetic avenues toward gabosines also involved a norbornyl route toward 
racemic mixture of gabosines B and K, 10 toward of gabosines C and COTC via 
asymmetric Diels-Alders reaction between chiral sulfinylacrylate and 
2-methoxyfuran, 11 a chemoenzymatic synthesis of Gabosine A frotn iodobenzene, 12 
syntheses of gabosine C and COTC from chiral (-)-quinic acid, 13 the syntheses of 
gabosines A, B, enantiomers of gabosines D and E, 14 the enantioselective synthesis of 
gabosines 0 from p-benzoquinone dimethyl monoketal , 15 synthesis of gabosines N 
and 0 involved enantioselective acetylation of hydroxyketals. 16 
Our group has also contributed to the syntheses of COTC from (-)-quinicacid 
tn 1990. 17 Short syntheses of gabosines I and G from 8-D-glucolactone via an 
intramolecular Horn er-Wadsworth-Emmons olefination, 18 and the syntheses of 
2 
Gabosine F, 0 and 4-epi-gabosine 0 involving INOC were published recently. 19 
1.2 Synthesis of Gabosine I. 
Gabosine I was firstly synthesized by Lubineau and Billault6 in 9 steps from 
tetra-0-benzyl-D-glucose employing an intramolecular Nozaki-Kishi Reaction as the 
key step in 1998. Since tetra-0-benzyl-D-glucose was prepared from D-glucose in 
three steps, the total synthesis of Gabosine I included 12 steps. 
In the synthesis of Gabosine I (scheme 1), the C-1 hydroxyl group of diol 2 
prepared from tetra-0-benzyl-D-glucose 1 was protected as silyl ether 3 followed by 
oxidation of C-5 hydroxyl group to yield ketone 4 in 86o/o overall yield. Then ketone 
underwent olefination by Wittig reagents to give Z alkene 5 exclusively. 
Deprotection of the TBS blocking group followed by Swern oxidation afforded 
aldehyde 7 which was subjected to intramolecular Nozaki-Kishi cyclization in 61% 
yield to furnish allylic alcohol 8. Gabosine I 10 was obtained from deprotection of 
enone 9 which come from PCC oxidation of allylic alcohol 8. Therefore, Gabosine I 
10 was synthesized from tetra-0-benzyl-D-glucose 1 in 9 steps with 15% overall 
yield. 
3 
Scheme 1. Synthesis of Gabosine I from tetra-0-Benzyi-D-glucose. 
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In 2007, one of my labmates, Dr Cheng, had finished a short synthesis of 
Gabosine I from 8-D-gluconolactone as a starting material in 4 steps with 20.3% 
overall yield. 18 This is so far the shortest route to Gabosine I. 
In her synthetic avenue toward Gabosine I, the acid-sensitive mixed acetal 12 
formed from acetalization of 8-D-gluconolactone with an excess of 2-methoxypropene 
in good yields. Nucleophilic addition of lithiated diethyl methyl phosphonate to the 
lactone carbonyl of 12 furnished a ~-ketophosphonate 13 which was subjected to the 
oxidation by TPAP and intramolecular HWE olefination to yield protected Gabosine I 
14. Then the new synthesis of Gabosine I 10 by facile acid hydrolysis in 95% yield 
was completed. 
Scheme 2. Synthesis of Gabosine I from S-D-gluconolactone. 
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1.3 Synthesis of (+)-Streptol and 1-epi-Streptol 
(+)-Streptol 27, also known as valienol, is a plant-growth inhibitor which was 
isolated from a culture of an unidentified Streptonmyces by Sakuda et al. and shown 
to inhibit the growth of lettuce seedlings at a concentration above 13 pp m. 20 A recent 
total synthesis of ( + )-streptol was accomplished by Metha G from cyclopentadiene 
and benzoquinone as starting material in 11 steps with 14% yield. 21 
In his synthetic route toward (+)-Streptol, Diels-Alder adduct 17 of 
cyclopentadiene 15 and p-benzoquinone 16 was epoxidized to give epoxide 18 that 
was followed by direct aldol reaction with formaldehyde to afford ~-hydroxyl ketone 
19. Protection of the alcohol by TBS furnished 20. Then, the enantioselective 
version, based on a kinetic enzymatic resolution of intermediate 21, has provided a 
convenient access to the enantiomerically enriched building blocks 22 in 46% yield.22 
The chiral tricyclic acetate 22 was subjected to BF3·Et20 mediated and 
acetate-assisted regioselective cleavage of the epoxide ring to furnish the trans-diol 23 
followed by acylation of the two hydroxyl groups to yield 24?1 Triacetate 24 was 
converted into ( + )-streptol 27 via the retro-Diels-Alder reaction and deprotection. 
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Scheme 3. Synthesis of (+)-Streptol 
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An alternative route toward protected streptol and protected 1-epi-Streptol is 
the reduction of the protected Gabosine I. It was known that an intramolecular 
cyclization (Horner-Wadsworth-Emmons olefination) of the 
1-deoxy-1-( dimethoxyphosphoryl)-D-xy/o-2,6-heptodiulose derivative 31, obtained by 
chain-extension of tetra-0-benzyl-o-glucono-1 ,5-lactone 28 with lithiated dimethyl 
methylphosphonate, results in the formation of an unsaturated inose derivative 32 by 
k 23 Fu ase, H. Reduction of enone 32 and deprotection to furnish 1-epi-Streptol was 
achieved by Sungsook Lee in 1999.24 Reduction of 32 by L-selectride to yield 
protected streptol was performed by Fukase, H.23 
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1.4 Synthesis of a-D-Pseudo-Glucose. 
The effort to synthesize a-D-pseudo-glucose contained many synthetic 
avenues previously. The most recent and efficient route toward a-D-pseudo-glucose 
was accomplished by Nagarajan and Sudha in 1998 from glycal 42 with six steps in 
29o/o yield. Since glycal 42 was prepared from D-glucose in 7 steps with 63% yield, 
the total synthesis of a-D-pseudo-glucose needed 13 steps in 18% yield. 
In this route toward a-D-pseudo-glucose, Claisen rearrangement was 
employed as the key step to build the carbocycle from diene glycal 45 to aldehyde 46. 
Reduction of the aldehyde 46 led to alcohol 47 and upon catalytic Os04 
dihydroxylation from the less hinder ~-face to gave a-D-pseudo-glucose 49 after 
debenzy lation. 
9 
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Results and Discussion 
2.1 Enantiospecific Synthesis of Gabosine I 
In this chapter, the enantiospecific synthesis of gabosine I is discussed. 
One-pot Swern oxidation-intramolecular Horn er-Wadsworth-Emmons (HWE) 
olefination and direct aldol reaction were the two strategies chosen for the carbocycle 
skeleton formation, respectively (Scheme 6). Deprotection of the blocking groups 
of the cyclohexenone then should give gabosine I. Both synthetic strategies are 
discussed in this section. 
Scheme 6. Retrosynthesis of Gabosine I. 
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Generation of the protected D-glucose became the first part of the synthesis 
(Scheme 7). o-Glucose was chosen as the starting material. 
Benzyl-o-glucopyranosides 50 was prepared from glycosidation of o-glucose with 
benzyl alcohol. Both anomers were needed because subsequent hydrogenolysis 
would afford lactol 53. Then the hydroxyl groups at C-4,6 of 50 were protected with 
11 
butanal by acetalization to afford 4,6-0-butylidene benzyl glucopyranoside 51. So 
far, the two anomers of 51 a- and ~-glycoside were difficult to separate by flash 
chromatography. Catalytic amount of cone. HCI was proved to be a better acid to 
catalyze the acetalization than the organic acids such as TsOH and CSA. Protection 
of hydroxyl groups at C-2,3 of 51 was smoothly accomplished as EOM ethers in a 
high yield (96o/o ). Debenzylation of the anomeric center of 52 furnished lactol 53 in 
99o/o transformation by hydrogenolysis. To obtain such a high yield, careful tracking 
of the reaction was required since long reaction time caused EOM blocking group at 
C-2 to be removed. Adding a catalytic amount of K2C03 or KHC03 to neutralize the 
acidic impurity in Pd/C could help to retard such a side reaction. 
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With 53 in hand, the lactols were subjected to Grignard methyl addition to 
gtve the diols 54 efficiently which were subjected to Swern oxidation to obtain 
diketone 55 in good yield (90o/o) (Scheme 8). Different conditions for the 
construction of carbocycles from diketone 55 were studied to give the cyclohexanone 
56. 
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Weak amine bases such as DBU and triethylamine were employed to 
promote the cyclization to generate 56 in low yields (Table 1). Decomposition of 
the starting material was only observed on TLC when strong bases such as LDA and 
KHMDS were used. Protic solvents were not good for promoting the reaction. The 
conditions of using a catalytic amount of AcOH and piperidine in toluene gave a 
moderate yield (62o/o) ofthe P-hydroxyl ketone 56. 
13 
Table 1. Conditions for construction of carbocycles 56 from diketone 55 
Entry Conditions Results 
1 0.3eq DBU, Toluene, 3d, r.t. 40o/o 
2 1eq DBU, Toluene/CH2Cl2, 3d, r.t. 42o/o 
3 NEt3 , Toluene, 30d, r.t. 35% 
4 KHMDS, THF -78°C decomposed 
5 LDA, THF, -78°C decomposed 
6 0.1eq L-Proline, t-BuOH/H20, r.t. No reaction 
7 0.1eq L-Proline, DMF, 20d, r.t. 28% 
8 0.1eq L-Proline, DMSO, 20d, r.t. 27% 
9 cat.AcOH, cat.Piperidine, EtOH, r.t. decomposed 
10 cat.AcOH, cat.Piperidine,MeOH, r.t. deco1nposed 
11 cat.AcOH, cat.Piperidine, i-PrOH, r.t. decomposed 
12 cat.AcOH, cat.Piperidine, Toluene, r.t. 62% 
Considering the strategy of direct aldol reaction for constructing the 
carbocycles was not so satisfactory, an alternative strategy of HWE olefination was 
attempted (Scheme 9). Preparation of phosphonates 58 were accomplished by the 
addition of lithiated dimethyl methyl phosphonate to lactone 57 which was available 
from PDC oxidation of lactols 53 in a high yield. 
14 
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Scheme 10. Preparation of cyclohexenone 59 from YC5 
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Figure 1. Proposed Mechanism for the Formation of 59. 
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Considering 58 might exist in a equilibrium between an acyclic hydroxyl 
ketone and a cyclized pyranose ring, the conditions of direct oxidation of 58 were 
investigated (Figure 1 ). From the results of one of my lab mates, TPAP oxidation was 
employed.26 However, no reaction occurred by PCC or PDC oxidation. In a series of 
TPAP oxidation conditions, a full equivalent amount of TPAP was needed to induce 
58 to undergo HWE olefination, but the yield was not satisfactory. 
Table 2. Oxidation and Cyclization of Phosphonate 58 to Enone 59 under Various 
Conditions. 
Entry Conditions Results 
1 leq TPAP, 3 A MS 46% 
2 NMO, cat.TPAP, MeCN, 3 A MS 5% 
3 NMO, cat.TPAP, MeCN, K2C03, 3 A MS 8% 
4 PDC, CH2Cb, 3 A MS No reaction 
5 PDC, CH2Cb , 3 A MS, LiBr, (i-Pr)2NEt No reaction 
6 PDC, CH2Cb , 3 A MS, DBU No reaction 
7 No reaction 
TP AP = (n-C3H7)4N+Ru04 
With the OH-6 of 58 blocked by the pyranose ring formation , it proved 
difficult to be oxidized easily. So reduction by NaBH4 to open the pyranose ring to 
furnish 60 was necessary (Scheme 11). 
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Scheme 11. Preparation of Diol 60 from 58 
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To ensure that two hydroxyl groups at C-2,6 were oxidized to afford the 
diketone, diols 60 were subjected to Swern oxidation (Scheme 12). As the amine 
residue from Swern oxidation might induce cyclization of diketone in the work-up 
procedure, it was suggested that the diketone generated in situ was immediately 
followed by HWE olefination conditions by just adding LiCl to the mixture. 
Prolonging the olefination reaction time gave 59 in a lower yield which suggested that 
enone 59 was not very stable in basic environment. According to the literature,27 
DIEPA furnished chemical better yield than triethyamine. 
Scheme 12. Preparation of En one 59 from 60 
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Acidic methanolysis of 59 removed the EOM protecting group to afford 61 , 
which suggested that the butylidene group is more stable than EOM (Scheme 13). 
Indeed, the butylidene was very difficult to be deprotected. Now the cyclohexenone 
61 was synthesized from D-glucose in 9 steps with 39% overall yield. 














The exceptional stability of the butylidene can be explained by two reasons 
(Figure 2). Firstly, without 1,3-diaxial repulsion which makes 
2-methyl-2-alkyl-1 ,3-dioxane relatively less stable, 1 ,3-dioxane formed from the 
condensation with aldehydes are more stable than those of ketones. The 6-member 
ring conformation is relatively more stable than that of the 5-member ring. So the 
2-alkyl-1 ,3-dioxane is the most stable one among the four acetals.(Figure 2) On the 
other hand, when the acetals were subjected to hydrolysis, entropy increase of the 
hydrolysis of EOM is much larger than that of butylidene. Hence the EOM blocking 
group is more acid labile than the butylidene protecting group. 
18 
Figure 2 Explanation for the Stability of Butylidene 
1 ,3-diaxial repulsion 
2-methyl-2-alkyl-1,3-dioxane 2-alkyl-1 ,3-dioxane 
AS of the hydrolysis reaction 
R0"'-/0~ 
H+ 
~OH + H20 .... ROH + H2c=o + 
~S>O 
---r-<0) H+ HO)+ ~CHO + H20 .... 
0 HO 
~s~o 
An alternative synthetic route toward gabosine I with different protecting 
groups was also investigated. Benzyl-D-glucopyranosides 50 was protected with a 
trans-diacetal ring to give acetal 62 (Scheme 14). Regioselective protection of the 
primary hydroxyl group at C-6 of 62 with TBSCl was achieved in a high yield to 
afford silyl ether 63 which was protected as an EOM ether 64. Removal of the 
benzyl group in 64 via palladium catalyzed hydrogenolysis gave lactol 65. 
19 
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Then the lactol 65 was subjected to PDC oxidation to give lactone 66. This 
was followed by the addition of lithiated dimethyl methyl phosphonate to yield 
phosphonate 67. Heptitol derivatives 68 was generated by reductive opening of the 
pyranose ring with hydride in 96% yield (Scheme 15). 
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Scheme 15. Preparation of diols 68 from Iactols 65 
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With the diol 68 in hand, Swern oxidation of the alcohol was carried out to 
yield the corresponding diketone followed by intramolecular HWE olefination to 
afford enone 70 in 78o/o yield (Scheme 16). LiCl was necessary for the HWE 
olefination for this diketone. LiCI was found to play a role in facilitating the 
cyc lizat ion reaction rate so that the period time of enone 70 in basic so lution cou ld be 
shot1ened. 
21 
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Complete deprotection of enone 70 furnished gabosine I in 96o/o yield 
(Scheme 17). Trans-diacetal ring in 70 is the most stable protecting group in acidic 
conditions, so the hydrolysis conditions of TFA and H20 in a ratio of 20:1 was 
adopted. So far, gabosine I was synthesized from benzyl glucopyranoside 62 in 9 
steps with 30% overall yield. 
Scheme 17. Preparation of Gabosine I from 70. 
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Considering that the synthetic route was lengthy, an alternative starting 
material 8-D-gluconolactone was employed (Scheme 18). All the free hydroxyl 
groups were intended to be protected by EOMCI. In this reaction, THF was 
necessary to be the solvent which is different from the standard procedure because the 
low solubility of ammonium salt in THF generated in the reaction cause its 
precipitation so that the displacement reaction could be driven to completion, 1n 
contrast to the reaction 1n CH2Cb. However, as y-D-gluconolactone 1s 
thermodynamically more stable than the 8-lactone, both the 6- and 5- member ring of 
lactones were formed which could not be separated on chromatography. Luckily, 
when the mixture of 71 and 72 was subjected to the addition of dimethyl methyl 
phosphonate, the adducts hemiacetals 73 and 7 4 could be separated well by flash 
chromatography, and isolated in 40% and 42o/o overall yields from 8-D-gluconolactone, 
respectively. 
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In line with the aforementioned synthetic strategy, hemiacetal 73 was 
reduced by NaBH4 to yield heptitol derivatives 75 in high yield (Scheme 19). Swern 
oxidation of 75 yielded diketone that was much willing to cyclize to afford en one 76, 
surprisingly with triethylamine and not with DIEPA. It was not recommanded to 
added lithium salt to the mixture which was supposed to facilitate the HWE 
olefination because the product is not so stable in the solution containing lithium salt. 
Then gabosine I was harrested by acid hydrolysis of enone 76. In this synthetic 
avenue, gabosine I was synthesized from 8-D-gluconolactone in five steps with 30% 
overall yield. 
Scheme 19. Preparation of Gabosine I from 73 
EOMO~ EOMO~ 
0 OH~ NaBH4 OH OH 0 
EOM01' ' R-OMe EOM01•· 11 
\ MeOH 96°/o P\-OMe ·~ OMe ' ·~ 






r.t. 5min, 97°/o ::~0 
HO OH 
Gabosine I 
(1) TFAA, DMSO 
CH2CI2, -78°C• 
(2)NEt3 , -78°C to r.t. 
80°/o 
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2.2 Enantiospecific Syntheses of 2-epi-Gabosine I 
In this chapter, the enantiospecific synthesis of 2-epi-gabosine I is discussed. 
One-pot Swern oxidation-intramolecular Horn er-Wadsworth-Emmons (HWE) 
olefination and direct aldol reaction were also the two strategies chosen for the 
carbocycle skeleton fonnation , respectively (Scheme 20). Deprotection of the 
blocking group of the cyclohexenone then should give 2-epi-gabosine I. Both 
synthetic strategies are discussed in this section. 
Scheme 20. Retrosynthesis of 2-epi-Gabosine I. 
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MeO OMe ::~: 




HOj-o, HO' "~OH 
HO OH 
0-Mannose was used as the starting material to undergo the similar synthetic 
transformation as described previously for D-glucose, but the difference C-2 
configuration between 0-Mannose and D-glucose required modification of the 
synthetic route. The OH-2 in D-mannose is unreactive compared with that in 
D-glucose. 
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Benzyl D-mannopyranosides 77 was prepared from glycosidation of 
D-mannose with benzyl alcohol. Then the OH-4,6 in 77 were acetalized with 
butylidene as 4,6-0-butylidene benzyl mannopyranoside 77. The amount of 
butyraldehyde should be controlled well in this reaction for an excess amount of 
butyraldehyde would also acetalize the OH-2,3. Protection of the OH-2,3 in 77 was 
accomplished by EOMCl in a high yield (93%). A stronger base NaH was used in 
this reaction for the unreactive OH-2 that made it unlikely to react in the usual 
procedure using amine as base. Debenzylatio~ of the anomeric center of 79 
furnished lactol 80 in 99o/o yield via hydrogenolysis. EOM blocking group at C-2 in 
this case was stable to the hydrogenolysis conditions than that of 
0-gluco-configuration and no weak inorganic base needed to be added. 
Scheme 21. Preparation of Iactols 80 from 0 -D- Mannose 
HO--;-o, HO•· ·~OH BnOH HO--;-o, HO•·~OBn ~CHO 
HO OH 
AcCI, 2d 
40°C to 70°C 
80°/o HO OH 
Cone. HCI, THF 
















___ ____,~ 0 1 ' ' OBn 
NaH, r.t. 
THF,16h EOMO OEOM 
93°/o 
79 
H2 , Pd/C 
EtOH, 1 Oh , r.t. 
ggo;o 
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Preparation of phosphonates 82 was accomplished by the addition of lithiated 
dimethyl methyl phosphonate to lactone 81 which was available from PDC oxidation 
of lactols 80 in a high yield (Scheme 22). Also it is difficult to oxidize the OH-6 
easily. Reductive open the pyranose ring of 82 afforded diols 83 followed by Swern 
Oxidation and HWE olefination which gave enone 84 in low yields (36%). 
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Such a disappointing HWE cyclization drove me to turn to the direct aldol 
strategy again (Scheme 23). With 80 in hand, the lactols were subjected to Grignard 
methyl addition to give the diols 85 efficiently which were subjected to Swern 
oxidation to obtain diketone 86 in good yield (96%). Different conditions for the 
construction of carbocycles from diketone 86 were studied to give the cyclohexanone 
87. 
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CH2CI2 -78°C, 5h 
(2)DIEPA, -78°C 
96°/o 
This different diketone also formed ~-hydroxyl ketone 87 in low yields 
employing amines as catalysts and decomposed in strong basic conditions as those of 
D-gluco-configuration. However, more efficient carbocycle formation was observed 
when L-Proline was used as a catalyst. The conditions of using a catalytic amount of 
AcOH and piperidine in toluene were found to be the best candidate to give 
~-hydroxyl ketone 87 in 73o/o yield (Table 3). Elimination of the tertiary alcohol in 87 
with POC13 afforded enone 84 in 90% yield (Scheme 24). 
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Scheme 24. Preparation of En one 84 from 87 
O*H n-Pr-< 01• • 0 
EOMO OEOM 




Table 3. Conditions for construction of carbocycles 87 from diketone 86 
Entry Conditions results 
1 DBU, Toluene, r.t. 40% 
2 (i-Pr)2NEt, THF, r.t. decomposed 
3 KHMDS, THF, -78°C decomposed 
4 LDA, THF, -78°C decomposed 
5 O.leq L-Proline, DMSO, 20d 34% 
6 O.leq L-Proline, THF/H20 No reaction 
7 0.3eq L-Proline, i-PrOH , 30d, r.t. 57o/o 
8 leq L-Proline, DMF 55% 
9 cat.AcOH, cat.Piperidine, EtOH, r.t. decomposed 
10 cat.piperidine, EtOH decomposed 
11 cat.AcOH, cat.Piperidine, Toluene, r.t. 73o/o 
29 
A second route toward 2-epi-gabosine I was investigated employing one-pot 
Swern oxidation-intramolecular HWE olefination. Benzyl-D-mannosides 77 was 
protected with a trans-diacetal ring to give acetal 88 (Scheme 25). Regioselectively 
protection of the primary hydroxyl group at C-6 of 88 with TBSCI was achieved in a 
high yield to afford silyl ether 89 which was protected as an EOM ether 90. To form 
the EOM blocking group, strong base NaH need to be used again, but also the long 
reaction time because both the steric hindrance at C-2 and its unreactive hydroxyl 
group would retard the reaction. Removal of the benzyl group in 90 via palladium 
catalyzed hydrogenolysis gave lactol 91. 
Scheme 25. Preparation of Iactol 91 from YC3 
0 MeO 01• · OBn 
HO/-o, HO•· ·~OBn 
HO OH 
Jy HO* 
(MeO)JCH, MeOH ~ ·-- O OH 
CSA, 2d, r.t., 85°/o j::;, 
89 
TBSO/-o, 
















r.t., 1 h 
94°/o 
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Then the lactol 91 followed the similar fate, was subjected to PDC oxidation 
to give lactone 92 that was followed by the addition of lithiated dimethyl methyl 
phosphonate to yield phosphonate 93 (Scheme 26). Heptitol derivatives 94 was 
generated by reductive opening of the pyranose ring of 93 in 96% yield. 
Scheme 26. Preparation of diols 94 from lactols 91 
TBSO~ 0 OH~ 
M eO 0 1 • • P\-OMe 












TBSO~ OHQH 0 
MeO Ql• . P\-OMe ~ OMe j:;,O OEOM 
OMe 
94 
With the diol 94 in hand, Swern oxidation of the alcohol was carried out to 
yield the corresponding diketone followed by intramolecular HWE olefination to 
afford enone 95 in 75o/o yield successfully (Scheme 27). Triethylamine and LiCl 
were found to play a role in facilitating the olefination rate so that the period time of 
enone 84 in basic solution can be shortened. Complete deprotection of enone 84 by 
acid hydrolysis furnished 2-epi-gabosine I in 96% yield. In this scheme, 
2-epi-Gabosine I was synthesized from benzyl mannopyranoside 88 in 9 steps with 
35o/o overall yield. 
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2.3 Enantiospecific Syntheses of Streptol and 1-epi-Streptol 
In this chapter, enantiospecific syntheses of streptol and 1-epi-streptol are 
discussed. Both of these product could be synthesized from the cyclohexenone 96, a 
protected gabosine I (Scheme 28). 
Scheme 28. Retrosynthesis of Streptol and 1-epi-Streptol. 
HO~ PO~ 
HO•· · ·-:- OH =====> PO• ·· ·., OH ~ 
HO OH PO OP PO~ 1-epi-streptol allic alcohol 
HO~ PO~ PO•· · ·-:- 0 
HO• · · ·., ·"OH ~ PO OP =====> PO•· · ·., ·· •OH cyclohexenone 
HO OH PO OP 96 
streptol 
To synthesize streptol, enone 70 was selectively reduced by K-selectride to 
afford a-allylic alcohol 97 as the only product in 98% yield. Then streptol was 
obtained by complete deprotection of the blocking groups in a-allylic alcohol 97 
(Scheme 29). 
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Scheme 29. Synthesis of Streptol from Enone 70 
TBSOM 







r.t. THF, 98°/o 
0.5h 
TB SOM 
MeO 0'"}---(''0H ~0 bEOM 
OMe 
97 
r.t. 5min, 88°/o 
Enone 76 could be reduced by different reducing agents to afford two epimeric 
allylic alcohols 98 and 99 followed by deprotection to yield streptol and 
1-epi-streptol, respectively (Scheme 30). K-selectride was employed as the reducing 
agent to furnish a-allylic alcohol 98 as the major product (86%) with a small amount 
of ~-allylic alcohol 99 as the minor product (6o/o), on the other hand, Luche 
reduction gave ~-allylic alcohol 99 (82%) as the major product together with 
a-allylic alcohol 98 (9o/o). Both the a-allylic alcohol and ~-allylic alcohol could be 
separated by flash chromatography. 
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Complete deprotection of allylic alcohols 98 and 99 by TFA hydrolysis 
yielded streptol and 1-epi-streptol in 92% and 89% yield respectively (Scheme 31). 
Scheme 31. Synthesis of Streptol and 1-epi-Streptol from Allylic Alcohols 98 and 
99. 
EOMOM 








r.t. 30min , 89°/o 
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2.4 Enantiospecific Syntheses of Gabosine K and 
Analogues 
In this chapter, enantiospecific synthesis of diastereoisomers of Gabosine K is 
discussed. The chiral centers of gabosine K was not confirmed, so different 
diastereoisomers were synthesized which could be derived from the cyclohexenone 
100 synthesized previously (Scheme 32). 










In line with the synthesis of streptol, gabosine K can be synthesized from a 
corresponding cyclohexenone with defined stereochemistry (Scheme 33). 
Stereoselective reduction of the enone 95 by reducing agents such as K-selectride, 
N-selectride, DIBALH and NaBH4-CeCh gave exclusively P-allylic alcohol 101 while 
no a-allylic alcohol was observed. This may be due to the steric hindrance of the p 
face of the enone. Deprotection of the TBS protecting group of P-allylic alcohol101 
gave diol102. Regioselective acylation furnished acetate 103 in a high yield28 . 
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Scheme 33 Preparation of Allylic Alcohol103 from Enone 95 
TBSO~ TBSO~ 
MeO 0 1 • · 0 K-selectride TBAF, r.t., 1 h MeO 0 1 •· OH ko OEOM r.t. THF, 90°/o ko OEOM THF, 97%> 0.5h 
OMe OMe 
95 101 
HO~ A eO~ AcCI ,-78°, 3h MeO 0 1 •• OH MeO 0 1 •· OH ko OEOM ko OEOM 2,4,6-Colidine 95°/o OMe OMe 
102 103 
To obtain the a-allylic alcohol, Mitsunobu reaction was employed to achieve 
the configuration inversion of the alcohol. The corresponding ester 105 was 
methanolyzed to furnish a-allylic alcohol106 in 85% overall yield from 101 (Scheme 
34). The similar R1 values of DIAD and 105 made it difficult to isolate a pure 
product of 105. One-pot deprotection of TBS and BNp blocking groups was 
employed to simplify the synthetic procedure. With a-allylic alcohol 106 in hand, 
selective acetylation of the primary alcohols of 106 furnished acetate 107 in 89% 
yield. 
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Scheme 34 Preparation of Allylic Alcoho1107 from Enone 101 
TBSOi:r -o-
- 02N ~ /; COOH 
MeO 0 1 ' ' OH 
~ DIAD, PPh3 , THF ~0 OEOM r.t. 0.5h 
OMe 
101 
1. K2C03 , MeOH 
r.t. 6h 
2.TBAF, THF 
r. t. 1 h 
85°/o 
HOM 
MeO 0•··}-{··•0H ~0 OEOM 
OMe 
106 
AcCI,-78°, 1 h 
2,4,6-Colidine 
89%> 
A eO M 
MeO 0•· ·}-{··•0H ~0 OEOM 
OMe 
107 
A solution of TFA and H20, in a ratio of 20:1, was employed as the acid 
hydrolysis conditions to achieve the selective deprotection of both 107 and 103 with 
the acetate intact which afforded diastereoisomers of Gabosine K 108 and 104 in high 
yields (Scheme 35). Hydrolysis of the acetals was so fast that once the acid was 
added to the solution that could be concentrated to obtain the syrup for flash 
chromatography immediately. Prolonging the reaction time might result in the 
decomposition of allylic alcohol and hydrolysis of acetate. 
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Scheme 35. Synthesis of Gabosine K 108 and 104 from Allylic Alcohols 107 and 
103. 
AcOM 










-------==---~•~ HO I I ' 0 H 
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108 
Syntheses of possible gabosine K resulted from the acylation of the primary 
alcohol in streptol and in 1-epi-streptol. The instrinsic polarity of streptol and 
1-epi-streptol narrows the choice of the solvent, so according to the literature3 
2,4,6-collidine can be used as the solvent to dissolve most of these compounds. 
Scheme 36. Synthesis of Possible Gabosine K 109 and 110 from Streptol and 
1-epi-Streptol. 
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2.5 Enantiospecific Synthesis of a-D-Pseudo-glucose 
This part describes the synthesis of a-D-pseudo-glucose. The synthesis of 
a-D-pseudo-glucose resulted from the hydrogenation of protected streptol followed by 
acid hydrolysis to give the product 49. Hydrogenation of protected streptol also gave a 
small amount of the diastereoisomer which could be separated by flash 
chromatography. 
Scheme 37. Synthesis of a-D-Pseudo-glucose. 
EOMOM 
EOMOH~-( ' IQH 
EOMO OEOM 
98 
H2 • ::::~.. ·-, ·•,OH TFA, HzO ::~.. ·•IOH Raney Ni 
t 6h 85ot r.t. 30min, 96°/o . __ r. . , 10 _ 





The protected gabosines I 59, 70 and 76, were obtained from D-glucose using 
3 different avenues via intramolecular Horner-Wadsworth-Emmons(HWE) olefination 
as the key step, two of which were fully de protected to afford gabosine I and the other 
to afforded a partially deprotected product 61. Hence, gabosine I was synthesized 
from D-glucose in 10 steps with 24% overall yield and in 5 steps with 30% overall 
yield. 
With the protected gabosine I 76 in hand, 1-epi-streptol 34 was synthesized 
in 6 steps with 23% overall yield, streptol in 6 steps with 24% overall yield, gabosine 
K 110 in 7 steps with 18o/o overall yield, gabosine K 109 in 7 steps with 19% overall 
yield, a-D-pseudo-glucose in 7 steps with 22% overall yield, which all use glucose as 
the starting material. 
The protected 2-epi-Gabosine I 84 and 95 were synthesized from D-mannose 
using 2 different avenues, one of which was fully deprotected to afford 1-epi-gabosine 
I. 1-epi-gabosine I was synthesized from D-mannose in 10 steps with 25o/o overall 
yield and the protected 2-epi-gabosine I 84 was obtained in 8 steps with 34% overall 
yield. The protected 1-epi-gabosine I 95 was used as an intermediate toward gabosine 
K 108 and 104 which were synthesized in 14 steps with 17% overall yield and in 13 
steps with 22o/o overall yield respectively from D-mannose as the starting material. 
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Melting points were measured with a Reichert apparatus in Celsius degrees 
and are uncorrected. Optical rotations were obtained with a Perkin-Elmer model 341 
polarimeter, operating at 589nm. Infrared spectra (IR) were recorded on a Nicolet 
205 or a Perkin-Elmer 1600 FT-IR spectrophotometer as thin films on potassium 
bromide discs. Nuclear magnetic resonance (NMR) spectra were measured with a 
Bruker DPX300 NMR spectrometer at 300.13 MHz (1H) or at 75.47 MHz (13C) and a 
Bruker Advance Ill 400 spectrometer at 400.00 MHz (1H) or at 100 MHz (13C) in 
CDCb solutions, unless stated otherwise. All Chemical shifts were recorded in ppm 
relative to tetramethylsilane (8= 0.0). Spin-spin coupling constants (J value) 
recorded in Hz were measured directly from the spectra. MS and HRMS were 
measured on a Thermofinnigan MAT 95 KL at the Department of Chemistry, The 
Chinese University of Hong Kong. Elemental analyses were carried out by MEDAC 
Ltd, Department of Chemistry, Brunei University, Uxbridge, UK. All reactions were 
monitored by analytical thin-layer chromatography (TLC) on Merck 
aluminium-precoated plates of silica gel 60 F254 with detection by spraying with 5% 
(w/v) dodecamolybdophosphoric acid in ethanol or 5o/o (w/v) ninhydrin in ethanol and 
subsequent heating. E . Merck silica gel 60 (230-400 mesh) was used for flash 
chromatography. All reagents and solvents were general reagent grade unless 
otherwise stated. Pyridine was distilled from barium oxide and stored in the 
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presence of potassium hydroxide pellets. Methanol was dried by sodium and 
distilling from its sodium salt under nitrogen. D MF was dried by magnesium sulfate 
and filtered. It was then freshly distilled under reduced pressure. Acetonitrile was 
freshly distilled from P20 5 under nitrogen. THF was freshly distilled from 
Na/benzophenone ketyl under nitrogen. Di chloromethane was freshly distilled from 
P20s under nitrogen. DMSO was freshly distilled from CaH2 under nitrogen. 




Benzyl o-glucopyranoside 50 To BnOH (5 mL) was added AcCl (0.1 mL, 1.4 mmol) 
at 0 °C and the solution was heated to 45 °C. D-Glucose (1.0 g, 5.56 mmol) was added 
in one batch into the stirred solution which was heated at 70 °C for 2d. 
Triethylamine was added to quench the reaction. Then 50 mL water was added to 
the solution. T he aqueous layer was washed by hexane and then CH2Cb until no 
BnOH was detected. The aqueous layer was concentrated under reduced pressure 
and the residue was purified by column chromatography (CHCh: MeOH=20: 1) to 
give benzyl glycoside 50 (1.24 g, 82o/o) as a coloress oil. [a]~ 61. 9 (c 1.50, CHCh); 
R1 0.5 (CHCb: MeOH, 6:1); 1H NMR 8 3.44 (0.6H, dd, J = 3.8 Hz, J = 9.7 Hz), 
3.62-3.73 (2H, m), 3.81 (0.6H, dd, J = 1.9 Hz, J = 11.5 Hz), 3.91 (0 .4H, dd, J= 1.9 
Hz, J = 11.5 Hz), 4.37 (0.4H, d, J = 7.7 Hz), 4.56 (0.6H, d, J = 11.8 Hz), 4.67 (0 .4H, d, 
J = 7.7 Hz) , 4.78 (0.6H, d, J = 11.8 Hz), 4.95 (0.4H, d, J = 7.7 Hz), 7.26-7.36 (5H, m); 
13C NMR 8 61.8, 61.9, 69.3 , 70.8, 70.9, 70.9, 72.7, 73.1 , 74.2, 74.3 , 77.2, 77.2, 98.4, 
102.4, 127.9, 128.4, 128.4, 128.5, 138.3. MS (El) m/z (relative intensity) 293 
([M+Na]+, 100); HRMS (El) calcd. for C 13H1 s0 6 [M+Na]+ 293.0996, found 293.0997. 
Benzyl-4,6-0-butylidene-D-glucopyranoside 51 To a solution of benzyl glycoside 50 
(719 mg, 2.66 mmol) in THF (4 mL) were added butyraldehyde (0.36 mL, 3.99 mmol) 
and conc.HCl (12 M, 0.05 mL). The solution was stirred 1h under N2. The reaction 
was quenched by adding triethylamine. After filtration through a pad of silica gel, 
the filtrate was concentrated under reduced pressure and the residue was puri fied by 
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colutnn chromatography (n-hexane: EtOAc = 2:1) to give butylidene 51 (795 mg, 
92o/o) as a colorless oil. MS (El) m/z (relative intensity) 347 ([M+Na]+, 100); 
HRMS (El) calcd. for C17H240 6 [M+Na]+ 347.1465, found 347.1463. 
Benzyl-4,6-0-butylidene-2,3-di-0-ethoxymethyi-D-glucopyranoside 52 To a 
solution of 51 (0.215 g, 0.66 mmol) in dry CH2Cb(2 mL) was added DlEPA(0.7 mL, 
4.00 mmol). To the solution was added EOMCl (0.19 mL, 2.0 mmol) at 0 °C. Then 
the solution was warmed up to r.t. slowly. The solution was stirred for two days. 
To the solution was added 1 mL methanol. The solution was diluted with EtOAc. 
Concentration of the solution gave an oily residue that crystallized on standing. 
After filtration of the ammonium salt, the filtrate was flash chromatographed 
(n-hexane: Et20= 3:1 ) to afford diether 52 (0.281 g, 96o/o) as a colorless oil. MS (El) 
m/z (relative intensity) 463 ([M+Na]+, 1 00); HRMS (El) calcd. for C23H360s 
[M+Na]+ 463.2302, found 463.2305. 
Benzyl-4,6-0-butylidene-2,3-di-0-ethoxymethyl-n-glucopyranose 53 A mixture of 
benzyl glycoside 52 (165 mg 0.38 mmol) and a catalytic amount of 10% Pd on 
charcoal in ethanol (20 mL) was stirred under a hydrogen atmosphere (1 atm) for 1 h 
at r.t. The catalyst was filtered off and the filtrate was concentrated under reduced 
pressure to give lactol 53 (129 mg, 99o/o) as a colorless oil. MS (El) m/z (relative 
intensity) 373 ([M+Na]+, 100); HRMS (El) calcd. for C23H360s [M+Na]+ 373.1833, 
found 3 73.1844. 
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Benzyl-4,6-0-butylidene-2,3-di-0-ethoxymethyi-D-gluconolactone 57 To a solution 
of lactol 53 (284 mg, 0.832 mmol) in dry CH2Ch (5 mL)was added 3A molecular 
sieves(200 mg). P DC (374 mg, 0.995 mmol) was added to the mixture that was 
stirred for 6 h. To the mixture was added diethyl ether. The reaction mixture was 
filtered with a pad of Celite and silica! gel. The residue was washed with EtOAc. 
The filtrate was concentrated under reduced pressure to give lactone 57 as a colorless 
oil (265.1 mg, 94%). [a]~ 48.0 (c 0.76, CHCb); R1 0.5 (hexane: EtOAc, 3: 1), lR 
(thin film) 2964, 2933 , 2875 , 1763, 1634, 1466, 1391 , 1151 , 1100, 1072, 1028; 1H 
NMR 8 0.91 (3H, t, J = 7.2 Hz), 1.33-1.43 (2H, m), 1.58-1.65 (2H, m), 3.41-3.73 (7H, 
m), 4.06-4.30 (3H, m), 4.55(1H, t, J = 5.1 Hz), 4.75-4.83(3H, m), 4.92(1H, d, J = 6.9 
Hz) 13C NMR 8 14.4, 15.5, 17.9, 18.0, 36.6, 36.7, 64.2, 64.9, 67.7, 68.3 , 75.9, 76.8, 
77.8, 79.9, 95.2, 95.3 , 103.2, 168.7. MS (El) m/z (relative intensity) 348 ([M]+, 100); 
HRMS (El) calcd. for C 16H2sOs [M]+ 348.1779, found 348.1770. 
Phosphonate 58 To a solution of diisopropylamine (1.26 mL, 8.97 mmol) in dry THF 
(4 mL) was added dropwise n-buty llithium in hexane (1.6 M solution, 5.63 mL, 8.97 
mmol) at -78 °C under N2. The reaction mixture was stirred for 30 min at -78 °C 
under N2 and dimethyl methylphosphonate (0.5 mL, 4.48 mmol) was then added. 
The reaction mixture was stirred for a further 30 min at -78 °C and was added slowly 
to a solution of lactone 57 (0. 760 g, 2.24 m mol) in dry THF (1 0 mL) at -78 °C. 
Stirring was continued for an additional 1 h at the same temperature. The reaction was 
quenched with saturated aq NH4Cl (7 mL) at -78 °C and was warmed to rootn 
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te1nperature. The mixture was extracted with EtOAc (4 x 70 mL), the combined 
organic extracts were dried (MgS04) and filtered. Concentration of the filtrate 
followed by flash chromatography (n-hexane:EtOAc= 3:2) yielded phosphonate 58 
(0.882 g, 85o/o ) as a colorless oil. [a]~- 31.9 (c 0.80, CHCh); R1 0.5 (EtOAc); IR 
(thin film) 3320, 2962, 2875 , 1644, 1460, 1392, 1226, 1161 , 1099, 1084, 1061 , 1031 ; 
1H NMR 8 0.89 (3H, t, J = 7.5 Hz), 1.19 (6H, t, J = 6.9 Hz), 1.33-1.44 (2H, m), 
1.55-1.70 (2H, m), 2.06 (1H, t, J= 15Hz), 2.63 (1H, t, J = 15Hz), 3.28 (2H, dd, J= 9, 
15.9 Hz), 3.43-3.85 (11H, m), 3.92-4.13 (3H, m), 4.50 (1H, t, J = 5 Hz), 
4.77-4.89(3H, m), 4.96(1H, d, J = 6.9 Hz) 5.867(1H, s, br); 13C NMR 8 14.4, 15.4, 
15.5 , 18.0, 32.7, 34.5 , 36.8, 52.3, 52.4, 53.9, 54.0, 63.9, 64.3 , 64.8, 69.0, 76.0, 76.1 , 
82.0, 82.5 , 82.7, 96.5 , 97.8, 98.0, 98.1 , 102.9; MS (ESI) m/z (relative intensity) 495 
([M+Na]+, 100); HRMS (El) calcd. for C1 9H37011P [M+Na]+ 495.1966, found 
495.1969. 
Diol 60 To a solution of lactol 58 (200 mg, 0.42 mmol) in MeOH (5 mL) was added 
NaBH4 (64 mg, 1.69 mmol) at 0 °C. Stirring was continued for 0.5 h at the same 
temperature . The reaction was quenched with saturated aq NH4Cl (1 mL). The 
mixture was extracted with EtOAc (4 x 20 mL). The combined organic extracts 
were dried, filtered, and the filtrate was concentrated. Flash chromatography 
(MeOH: CH3Cl= 1:120) gave diol 60 (180 mg, 90o/o) as a colorless oil. [a]~ - 53.0 
(c 1.82, CHCb); R1 0.2 (EtOAc); IR (thin film)3336 , 2960, 2874, 1645, 1541 , 1464, 
1384, 1225, 1182, 1098, 1032. 1H NMR 8 0.80 (3H, t, J = 7.2Hz), 1.11 (6H, t, J = 7.5 
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Hz), 1.23-1.35 (2H, m), 1.42-1.57 (2H, m), 1.93 (2H, dd, J = 6.3 , 18.6 Hz), 
3.27-4.05(19H, m), 4.35 (1H, t, J = 5Hz), 4.61-1.71 (4H, m); 13C NMR 8 14.4, 15.4, 
18.0, 28.3 , 30.2, 36.7, 52.6, 52.7, 53.1 , 53.2, 62.0, 64.8, 64.9, 66.5 , 66.6, 71.0, 81.1 , 
84.8, 85.0, 97.6, 97.9, 102.8; MS (ESI) m/z (relative intensity) 497 ([M+Na]+, 100); 
HRMS (El) calcd. for C19H390 11 P [M+Na]+ 497.2122, found 497.2122. 
Enone 59 To a solution of 3A molecular sieves (1 00 m g) and DMSO (0.14 ml, 1.94 
mmol) in CH2Cb ( 1 ml) was added TFAA (0.16 ml, 1.16 mmol) dropwise at -78 °C 
with stirring and stirring was continued for 0.5 h under N2 at the same temperature. 
To the stirred mixture was added dropwise a solution of diol 60 (85 mg, 0.18 mmol) 
in CH2Cb and then the mixture was stirred for an additional 5h at -78 °C. To the 
solution was added DIEPA (0.67 ml, 3.88 mmol) dropwise with stirring and the 
stirring was continued for 15 min at -78 °C. T he reaction mixture was removed from 
the cooling bath and allowed to warm to r.t. with stirring. To the mixture was added 
LiCl (15 mg, 0.36 mmol) and TEA (0.1 mL, 0.72 mmol). The mixture was stirred 
for 1.5 hours at r.t. The mixture was filtered to get rid of 3A molecular sieves. The 
filtrate was concentrated and the residue was flash chromatographed 
(n-hexane:EtOAc= 4:1) to yield 59 (49 mg, 80o/o) as a yellow oil. [a]~ 7 .23 (c 1.82, 
CHCb); R1 0.2 (hexane:EtOAc, 3: 1); IR (thin film)2972, 2876, 1698, 1569, 1446, 
1383, 1157, 1128, 1026. 1H NMR 8 0.92 (3H, t, J = 7.2Hz), 1.19 (6H, t, J = 7.2 Hz), 
1.36-1.49 (2H, m), 1.60-1.69 (2H, m), 3.57-3.80(4H, m), 4.12 (1H, dd, J = 11.4 Hz, J 
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= 7.8 Hz ), 4.25 (1H, d, J = 11.4 Hz), 4.45 (2H, dd, J = 19.2 Hz, J = 14.7 Hz), 4.56 
(1H, dt, J = 7.8 Hz, J = 0.6 Hz), 4.76 (1H, t, J= 5.1Hz), 4.61-1.71 (4H, m); 13C NMR 
8 14.5, 15.4, 15.5, 17.8, 37.1 , 64.2, 64.4, 68.9, 79.4, 96.0, 96.4, 101.9, 123.0, 151.5, 
196.2; MS (ESI) m/z (relative intensity) 367 ([M+Na ]+, 1 00); HRMS (El) calcd. for 
C1 6H280s [M+Na]+ 367.1727, found 367.1727. 
Diol 61 To a solution of diether 59 (39 mg, 0.11 mmol) in MeOH (3 ml) was added 
con. HCl (12 M, 0.05 mL) with stirring and stirring was continued for 5 hours at r.t. 
Triethylamine was added to neutralize the acid. The solution was condensed 
followed by flash chromatography (hexane:EtOAc, 1 :2) yielded 61 (24 mg, 95%) as a 
colorless oil. [a]~ 7 .23 (c 1.82, CHCb); R1 0.4 (EtOAc); IR (thin film) 3419, 2961 , 
2875 , 1688, 1455, 1416, 1381 , 1310, 1252, 1197, 1168, 1121 , 1060, 1015. 1H NMR 8 
0.94 (3H, t, J= 7.2Hz), 1.40-1.53 (2H, m), 1.65-1.74 (2H, m), 4.00 (1H, dd, J= 10.8 
Hz, J = 7.8 Hz ), 4.11 (1H, d, J = 10.8 Hz), 4.45-4.59 (2H, m), 4.57 (1H, d, J = 7.8 
Hz), 4.82 (1H, t, J = 5.1Hz), 5.97 (1H, s) ; 13C NMR 8 14.5, 17.7, 37.1 , 69.0, 76.3, 
76.8, 102.2, 121.4, 153.8; MS (ESI) m/z (relative intensity) 251 ([M+Na]+, 100); 
HRMS (El) calcd. for C 11 H160s [M+Na]+ 251.0890, found 251.0896. 
Diol 54 To the solution of lactol 53 (149 mg, 0.43 mmol) in THF was added 
MeMgBr in diethyl ether (3 mmol/L solution, 0.74mL, 2.13 mmol) at 0 °C. Then the 
solution was slowly raised up to r.t. and stirring was continued for 24h. Saturated 
NH4Cl (1 mL) was added to the reaction mixture at 0 °C. The reaction mixture was 
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extracted with EtOAc (4 x 20 mL). The combined organic extracts were dried over 
MgS04 and filtered. The filtrate was concentrated to give a crude oil that was 
followed by flash column chrotnatography (n-hexane: EtOAc = 1:1) to yield diol 54 
( 151 mg, 97o/o) as an colorless oil. [a]~ -77.2 ( c 7 .15, CHCb); R1 0.2 (hexane: 
EtOAc, 1:1), IR (thin film) 3448, 2972, 2934, 2875 , 1642, 1465, 1391 , 1272, 1221 , 
1183, 1150, 1100, 1069, 1 029; 1H NMR 8 0.88 (3H, t, J = 7.5 Hz), 1.14-1.26 (6H, 
m), l.30-1.40 (2H, m), 1.54-1.64 (2H, m), 1.81 (1H, s, br), 2.41 (1H, d, br), 3.43 (1H, t, 
J = 10.5 Hz), 3.49-3.62 (3H, m), 3.65-3.87 (6H, m), 4.03 (1H, dd, J = 2.7 Hz, J = 7.8 
Hz), 4.15 (1H, dd, J = 4.8 Hz, J = 10.5 Hz), 4.43 (1H, t, J = 5.7 Hz), 4.75-4.88 (4H, 
m); 13C NMR 8 14.4, 15.4, 15.5, 18.2, 20.9, 36.7, 62.2, 64.9, 65.1 , 67.0, 70.8, 78.8, 
81.5 , 83.0, 97.9, 98.2, 102.9. MS (ESI) m/z (relative intensity) 389 ([M+Na]+, 100); 
HRMS (El) calcd. for C 17H340s [M+Na]+ 389.2146, found 389.2144. 
Diketone 55 To a mixture of 3A molecular sieves (300 mg) and TFAA (2.20 mL, 
15.84 mmol) in CH2Cb (10 mL) was added DMSO (1.50 mL, 21.1 mmol) dropwise at 
-78 °C with stirring and stirring was continued for 0.5 h under N2 at the same 
temperature. To the stirred mixture was added dropwise a solution of diketone 55 
(929 mg, 2.64 mmol) in CH2Cb (20 ml) and then the mixture was stirred for an 
additional 5h at -78 °C. To the solution was added DIEPA (9.2 mL, 52.8 mmol) 
dropwise with stirring and the stirring was continued for 20 min at -78 °C. The 
reaction mixture was removed from the cooling bath and allowed to warm to r.t. with 
stirring. The mixture was filtered to get rid of 3A molecular sieves. Th e filtrate 
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was concentrated and the residue flash chromatographed (n-hexane: Acetone= 8:1) 
yielded 55 (836 mg, 90o/o) as a yellow oil. [a]~ -36.7 ( c 3. 80, CHCb); R1 0.4, 0. 7 
(hexane: acetone, 2: 1), lR (thin film) 2973, 2934, 2877, 1724, 1645, 1393, 1354, 1304, 
1115, 1026; 1H NMR 8 0.84 (3H, t, J= 7.2 Hz), 1.10 (3H, t, J= 6.9 Hz), 1.12 (3H, t, J 
= 6.9 Hz), 1.26-1.40 (2H, m), 1.54-1.61 (2H, m), 2.20 (3H, s), 3.49-3.57 (4H, m), 
4.14 (1H, d, J = 17.7 Hz), 4.28 (1H, d, J = 18.3 Hz), 4.31-4.39 (3H, m), 4.60-4.70 ( 4H, 
m), 4.77 (1H, t, J = 5.1 Hz) ; 13C NMR 8 14.4, 15.3, 15.5, 17.7, 28.9, 36.6, 64.7, 64.9, 
73.1 , 77.0, 80.4, 81.3 , 95.6, 96.8, 100.9, 204.8, 206.9. MS (ESl) m/z (relative 
intensity) 385 ([M+Na]+, 100); HRMS (El) calcd. for C 17H300 8 [M+Na]+ 385.1833, 
found 385.1836. 
Diacetal 62 To a solution of benzyl glcoside 50 (1.05 g, 3.89 mmol) in dry MeOH 
was added 2,3-butanedione ( 0.44 ml, 5.06 mmol), trimethyl orthoformate (2.55 ml, 
23.3 mmol) and CSA( 80mg, 0.39 mmol). The solution was stirred at r.t. for 2d. 
The reaction was quenched by adding triethylamine (1 ml). Concentration of the 
solution followed by flash chromatography (n-hexane:EtOAc= 2:1) yielded diacetal 
62 ( 0.79 g, 53%) as a colorless oil. MS (ESl) m/z (relative intensity) 407 ([M+Na]+, 
100); HRMS (El) calcd. for C1 9H280s [M+Na]+ 407.1676, found 407.1680. 
Silyl ether 63 To a solution of diol 62 (232 mg, 0.61 mmol) in CH2Cb were added 
TBSCI (137 mg 0.91 mmol), DIEPA (0.21 ml, 1.21 mmol) and DMAP( 7.8 mg, 0.06 
mmol). The solution was stirred for 6h. The solution was diluted with EtOAc. 
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Concentration of the solution gave and oily residue that crystallized on standing. 
After filtration of the ammonium salt, concentration of the filtrate followed by flash 
chromatography (n-hexane: EtOAc = 6:1 ) to afford 63 (283 mg, 94o/o) as a colorless 
oil. MS (ESI) m/z (relative intensity) 407 ([M+Na ]+, 1 00); HRMS (El) calcd. for 
C2sH420 gSi [M+Na]+ 521.2541 , found 521.2538. 
Ethoxyl ether 64 To a solution of alcohol 63 (0.250 g, 0.50 mmol) in dry CH2Cb (3 
mL) was added DIEPA(0.27 mL, 1.51 mmol). To the solution was added EOMCl 
(0.07 mL, 0. 75 mmol) at 0 °C. Then the solution was warmed up to r.t. slowly. 
The solution was stirred for two days. To the solution was added 0.1 mL methanol. 
The solution was diluted with EtOAc. Concentration of the solution gave an oily 
residue that crystallized on standing. A fter filtration of the ammonium salt, the 
filtrate was flash chromatographed. (n-hexane: Et20 = 6:1 ) to afford 64 (0.276 g, 99%) 
as a colorless oil. [a]~ 13.6 (c 2.85, CHC13); R1 0.4 (hexane: Et20 = 2:1), IR (thin 
film) 2930, 2857, 1645, 1456, 1371 , 1252, 1163, 1038. MS (ESI) m/z (relative 
intensity) 579 ([M+Na]+, 100), HRMS (ESI) calcd. for C28H430 9Si [M+Na]+ 
579.2960, found 579.2956. 
Lactol 65 A mixture of benzyl glcoside 64 (277 mg 0.50 mmol) andand a catalytic 
amount of 1 0% Pd on charcoal (20 m g) in ethanol (20 mL) was stirred under a 
hydrogen atmosphere (1 atm) for 1 h at r.t. The catalyst was filtered off and the 
filtrate was concentrated under reduced pressure to give lactol 65 (234 mg, 99o/o) as a 
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colorless oil. [a]~ - 35.6 (c 4.28, CHCb); R1 0.4 (hexane: EtOAc = 3: 1), IR (thin 
film) 3446, 2951 , 2931 , 2587, 1645, 1472, 1463, 1357, 1252, 1137, 1037; MS (ESI) 
m/z (relative intensity) 489 ([M+Na]+, 100), HRMS (ESI) calcd. for C28H480 9Si 
[M+Na]+ 489.2490, found 489.2507. 
Lactone 66 To a solution of lactol 65 (2.24 g, 4.8 mmol) in dry CH2Cb (5 mL) was 
added 3A molecular sieves(2 g). PDC (2.16 g, 5. 75 mmol) was added to the mixture 
that was stirred for 6 h. To the mixture was added diethyl ether. The reaction 
mixture was filtered with a pad of Celite and silical gel. The residue was washed 
with EtOAc. Th e filtrate was concentrated under reduced pressure to give lactone 66 
as a colorless oil (2.056 g, 92% ). [a ]~ - 28.6 ( c 2. 76, CHCb); R1 0.6 (hexane: 
EtOAc = 3: 1), IR (thin film) 2953 , 2931 , 2896, 2858, 1773, 1645, 1463, 1379, 1257, 
1236, 1214, 1141 , 1115, 1 036; 1H NMR 8 0.01 (3H, s), 0.04 (3H, s), 0.84 (9H, s), 1.15 
(3H, t, J = 7.2 Hz), 1.25 (3H, s), 1.33 (3H, s), 3.21 (3H, s), 3.23 (3H, s), 3.47-3.56 (1H, 
m), 3.47-3.64 (1H, m), 3.79 (2H, td, J = 11.4 Hz, J = 1.7 Hz), 3.91-3.98 (1H, m), 
4.16-4.20 (3H, m), 4.72 (1H, d, J = 6.8 Hz), 4.88 (1H, d, J = 6.8 Hz); 13C NMR 8 -5.8, 
-5.6, 14.8, 17.3, 17.4, 18.1 , 25 .7, 47.8, 48.4, 62.7, 63.6, 65.2, 68.4, 72.2, 82.1 , 95.7, 
98.6, 99.9, 167.6. MS (ESI) m/z (relative intensity) 487 ([M+Na]+, 100), HRMS (ESI) 
calcd. for C21 H400 9Si [M+Na]+ 487.2334, found 487.2338. 
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Phosphonate 67 To a solution of diisopropylamine (0.12 mL, 1.19 mmol) in dry THF 
(2 mL) was added dropwise n-butyllithium in hexane (1.6 M solution, 0.743 ml 1.19 
mmol) at -78 °C under N2. The reaction mixture was stirred for 30 min at -78 °C 
under N2 and dimethyl methylphosphonate (0.07 mL, 0.59 mmol) was then added. 
The reaction mixture was stirred for a further 30 min at -78 °C and was added slowly 
to a solution of lactone 66 (138 mg, 0.30 mmol) in dry THF (2 mL) at -78 °C. 
Stirring was continued for an additional 1 h at the same temperature. The reaction 
was quenched with saturated aq NH4Cl (1 mL) at -78 °C and was warmed to room 
temperature. The mixture was extracted with EtOAc ( 4 x 1 Oml), the combined 
organic extracts were dried (MgS04) and filtered . Concentration of the filtrate 
followed by flash chromatography (n-hexane:EtOAc= 2: 1) yielded phosphonate 67 
(169 mg, 96o/o ) as a colorless oil. [a]~ 55 .6 (c 1.00, CHCb); R1 0.5 (n-hexane: 
EtOAc = 1:1); IR (thin film) 2953, 2856, 1643, 1462, 1376, 1231, 1182, 1137, 1036; 
1H NMR 8 0.03 (6H, s), 0.88 (9H, s), 1.18 (3H, t, J = 7.2 Hz), 1.29 (3H, s), 1.35 (3H, 
s), 1.92 (1H, dd, J = 15.3 Hz, J = 18.3 Hz), 2.60 (1H, dd, J = 15.6 Hz, J = 18 Hz), 
3.22-3.34 (6H, m), 3.59-3.92 (11H, m), 4.17 (1H, t, J = 9.9 Hz), 4.84 (1H, d, J = 6 
13 s:: Hz), 4.88 (1H, d, J = 6Hz), 5.93 (1H, s, br) ; C NMR u -4.9, -4.7, 15.6, 18.3, 18.8, 
26.4, 31.5 , 33.3 , 48.3 , 48.4, 52.5, 52.6, 53.9, 53.9, 62.7,64.4, 70.3, 72.6, 72.8, 73 .7, 
95.7, 96.5 , 99.7, 100.6; MS (ESI) m/z (relative intensity) 611 ([M+Na]+, 100), HRMS 
(ESI) calcd. for C24H490 12PSi [M+Na]+ 611.2623, found 611.2603. 
Diol 68 To a solution of lactol 67 (1.43 g, 2.42 mmol) in MeOH (25 mL) was added 
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NaBH4 (0.31 g, 9.69 mmol) at r.t. Stirring was continued for 0.5 h at the same 
temperature and. The reaction was quenched with saturated aq N~CI (15 mL). 
The mixture was extracted with EtOAc ( 4 x 30 mL). The combined organic extracts 
were dried, filtered , and the filtrate was concentrated. Flash chromatography 
(EtOAc) gave diol 68 (1.37 g, 96o/o) as a colorless oil. [a]~- 92.4 (c 2.97, CHCb); 
R1 0.2 (EtOAc), IR (thin film) 3385, 2952, 2930, 2856, 1645, 1462, 1375, 1251 , 
1184, 1127, 1034; 1H NMR 8 0.06 (3H, s), 0.07 (3H, s), 0.89 (9H, s), 1.94 (3H, t, J= 
7.2 Hz), 1.28 (3H, s), 1.29 (3H, s), 1.87-2.03 (1H, m), 2.34-2.47 (1H, m), 3.20 (3H, s) , 
3.27 (3H, s), 3.48-3.57 (1H, m), 3.68-3.78 (8H, m), 3.80-3.88 (3H, m), 3.92-3.97 (1H, 
m), 4.26-4.32 (2H, m), 4.74-4.79 (2H, m); 13C NMR 8 -5.52, 14.8, 17.3, 17.4, 18.1 , 
25.7, 28.2, 29.6, 47.7, 47.9, 52.2, 52.3, 52.4, 63.2, 63.7, 63.8, 64.9, 64.9, 67.1 , 69.8, 
69.9, 70.9, 76.5 , 76.6, 77.2, 96.1 , 98.6, 98.7. MS (ESI) m/z (relative intensity) 613 
([M+Na]+, 100), HRMS (ESI) calcd. for C24Hs1012PSi [M+Na]+ 613.2780, found 
613.2769. 
Enone 70 To a solution of 3A molecular sieves (200 mg) and DMSO (0.23 ml, 3.2 
mmol) in CH2Cb (2 ml) was added TFAA (0.27 ml, 1.91 mmol) dropwise at -78 °C 
with stirring and stirring was continued for 0.5 h under N2 at the same temperature. 
To the stirred mixture was added dropwise a solution of diol 68 (168 mg, 0.32 mmol) 
in CH2Cb (2 ml) and then the mixture was stirred for an additional 5h at -78 °C. To 
the solution was added DIEPA (1.1 ml, 6.37 mmol) dropwise with stirring and the 
stirring was continued for 15 min at -78 °C. The reaction mixture was removed from 
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the cooling bath and allowed to warm to r.t. with stirring. To the mixture was added 
LiCl (27 mg, 0.64 mmol) and TEA (0.2 mL, 1.28 mmol). The mixture was stirred 
for 1.5 hours at r.t. The mixture was filtered to get rid of 3A molecular sieves. The 
filtrate was concentrated and the residue was flash chromatographed 
(n-hexane:EtOAc= 8:1) to yield 70 (98 mg, 75 %) as a yellow oil. [a]~ - 48.4 ( c 0.80, 
CHCb) ; R/ 0.5 (n-hexane: EtOAc = 3:1); IR (thin film) 2930, 2856, 1700, 1632, 1471 , 
1378, 1257, 1135, 1040, 1016; 1H NMR 8 0.07 (6H, s), 0.91 (9H, s), 1.24 (3H, t, J= 
7.2 Hz), 1.31 (3H, s), 1.40 (3H, s), 3.24 (3H, s), 3.29 (3H, s), 3.52-3.63 (1H, m), 
3.69-3.80 (1H, m), 4.08 (1H, dd, J = 8.7 Hz, J = 11.4 Hz), 4.26 (1H, d, J = 11.4 Hz), 
4.29 (1H, d, J = 18 Hz), 4.59 (1H, d, J = 9 Hz), 4.58 (1H, dd, J = 1.8 Hz, J = 18 Hz), 
4.79 (1H, d, J = 6.6 Hz), 5.08 (1H, d, J = 6.6 Hz), 5.26 (1H, d, J = 2.1 Hz) ; 13C 
NMR 8 -4.9, -4.8, 15.7, 18.0, 18.2, 18.9, 26.4, 48.4, 49.0, 62.8, 64.9, 72.7, 74.6, 75.5 , 
97.3 , 99.5 , 100.5, 123.2, 162.1 , 193.3; MS (ESI) m/z (relative intensity) 483 
([M+Na]+, 100), HRMS (ESI) calcd. for C22H400 8Si [M+Na]+ 483.2385, found 
483.2393. 
Gabosine I To the 70 (70 mg, 0.16 mmol) was added TF A (2 ml) and H20 (0.1 ml). 
The solution was stirred at r.t. for 5 min. Cone entration of the solution followed by 
flash chromatography (CHC13 : MeOH=8:1) yielded Gabosine I (24 mg, 96%) as a 
colorless oil. [a]~ - 60.0 (c 1.10, MeOH); RJ 0.3 (CHCh: MeOH=4:1); IR (thin film) 
3421 , 1681, 1436, 1205, 1127, 1027; 1H NMR 8 3.62 (lH, dd, J = 8.4 Hz, J = 10.8 
Hz), 4.06 (lH, d, J= 10.8 Hz), 4.32-4.40 (2H, m), 4.06 (lH, d, J = 18.4 Hz), 6.17 (1H, 
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d, J = 2.0 Hz) ; 13C NMR 8 60.6, 72.27, 76.6, 77.9, 119.9, 166.7, 198.1 ; MS (ESI) 
m/z (relative intensity) 197 ([M+Na]+, 100 ), HRMS (ESI) calcd. for C7H 100 5 
[M+Na] + 197.0420, found 197.0418. 
Ally lie alcohol 97 To a solution of enone 70 (1 00 mg, 0.22 mmol) in THF (5 ml) was 
added K-selectride (1.0 M solution, 0.33 ml 0.33 mmol) at 0 °C. Stirring was 
continued for 0.5 h at the same temperature. The excess of the hydride was 
quenched with methanol (0.1 mL). The reaction mixture was filtered through silical 
gel and the residue was washed with EtOAc. Concentration of the solution followed 
by flash chromatography (n-hexane:EtOAc= 6: 1) yielded allylic alcohol 97 (98 mg, 
98%) as a colorless oil. [a]~ - 30.4 (c 0.87, CHCb); R1 0.4 (n-hexane: EtOAc = 3:1); 
IR (thin film) 2952, 2929, 2884, 2857, 1653, 1472, 1375, 1251 , 1226, 1130, 1094, 
1039, 1015; 1H NMR 8 0.06 (6H, s), 0.90 (9H, s), 1.21 (3H, t, J= 7.2 Hz), 1.29 (3H, 
s), 1.32 (3H, s), 3.25 (3H, s), 3.26 (3H, s), 3.55-3.63 (2H, m), 3.66-3.74 (IH, m), 
3.66-3.74 (1H, m) 4.12-4.33 (5H, m), 4.80 (IH, d, J = 6.5 Hz), 5.01 (1H, d, J = 6.5 
Hz), 5.96 (1H, m); 13C NMR 8 -5.5 , -5.3 , 15.1 , 17.6, 17.8, 18.3, 25.9, 4 7.8, 48.0, 62.6, 
63.9, 64.7, 67.9, 69.6, 75.4, 96.2, 98.9, 99.5, 120.3, 142.5 ; MS (ESI) m/z (relative 
intensity) 485 ([M+Na]+, 100), HRMS (ESI) calcd. for C22H420 sSi [M+Na]+ 
485.2541 , found 485.2543. 
Pentaol 113 To the allylic alcohol 97 (50 mg, 0.107 mmol) was added TFA (2 ml) and 
H20 (0.1 ml). The solution was stirred at r.t. for 5 min. Concentration of the 
solution followed by flash chromatography (CHCb: MeOH=4: 1) yielded pentaol 113 
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(18 mg, 97o/o) as a colorless oil. [a]~ 43.0 (c 0.45, MeOH); R1 0.2 (CHCb: 
MeOH=2:1); IR (thin film) 3336, 1676, 1435, 1384, 1203, 1133, 1057; 1H NMR 8 
3.43 (1H, dd, J = 4.2 Hz, J = 10.2 Hz), 3.71 (1H, dd, J = 7.5 Hz, J = 10.2 Hz), 3.96 
(1H, d, J= 6.9 Hz), 4.2 (3H, m), 5.78-5.81 (1H, m); 13C NMR 8 62.1, 66.9, 71.9, 73.1 , 
73.3 , 121.9, 143.3; MS (ESI) m/z (relative intensity) 199 ([M+Na]+, 100), HRMS 
(ESI) calcd. for C7H120s [M+Na]+ 199.0577, found 199.0574. 
Benzyl D-mannopyranoside 77 To BnOH (5 mL) was added AcCI (0.1 mL, 1.4 
mmol) at 0 °C. The mixture was heated to 45 °C. D-mannose (1.0 g, 5.56 mmol) was 
added in one batch into the stirred solution which was heated at 70 °C for 2d. 
Triethylamine was added to quench the reaction. Then 50 mL water was added to 
the solution. The aqueous layer was washed by hexane and then CH2Cb until no 
BnOH was detected. The aqueous layer was concentrated under reduced pressure 
and the residue was purified by column chromatography (CHCb: MeOH=20: 1). 7 7 
(1.17 g, 78o/o) was obtained as colorless oil. [a]~ 78.7 (c 1.8, MeOH); R/ 0.5 (CHCb: 
MeOH=6:1); 1H NMR 8 3.59-3.68 (2H, m), 3.72-3 .77 (2H, m), 3.84-3 .94 (2H, m), 
4.53 (0.9H, d, J = 11.8 Hz), 4.67 (0.1H, d, J = 11.8 Hz), 4. 75 (0.9H, d, J = 11.8 Hz), 
4.75 (0.9H, d, J = 1.4 Hz), 7.27-7.40 (5H, m); 13C NMR 8 62.1 , 67.7, 69.1 , 71.4, 71.7, 
71.8, 74.1 , 99.8, 128.0, 128.3, 128.5, 128.6, 138.2; MS (ESI) m/z (relative intensity) 
293 ([M+Na]+, 1 00), HRMS (ESI) calcd. for C7H120s [M+Na]+ 293.0996, found 
293.0997. 
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78 To a solution of benzyl mannoside 77 (0.418 g, 1.55 mmol) in THF (2 mL) was 
added butyraldehyde (0.15 mL, 1.70 mmol) and con.HCl (12 M, 0.05 mL) . The 
solution was stirred 1h under N2. The reaction was quenched by adding triethylamine. 
After filtration through a pad of silica gel, the filtrate was concentrated under reduced 
pressure and the residue was purified by column chromatography (n-hexane:EtOAc= 
2:1 ). 78 (0 .440 g, 88o/o) was obtained as colorless oil. [a]~ 68.1 ( c 1.1 0, CHCb); R1 
0.3 (hexane:EtOAc, 1:1), IR(thin film) 3245,2902, 1644, 1454, 1382, 1135, 1112, 
1066, 1027, 1001 ; 1H NMR 8 0.92 (3H, t, J= 7.5 Hz), 1.38-1.45 (2H, m), 1.59-1.65 
(2H, m), 2.95 (2H, s, brs), 3.59 (1H, t, J = 9.8 Hz), 3.66-3.75 (2H, m), 4.03-4.10 (3H, 
m), 4.49 (1H, d, J = 11.8 Hz), 4.58 (1H, t, J = 9.8 Hz), 4.69 (1H, d, J = 11.8 Hz), 
4.91(1H, m) 13C NMR 8 13.9, 17.4, 17.6, 36.3 , 63.4, 68.3 , 68.7, 69.3 , 70.9, 78.2, 99.4, 
102.8, 127.9, 128.5, 136.8; MS (ESI) m/z (relative intensity) 347 ([M+Na]+, 100); 
HRMS (El) calcd. for C 17H2406 [M+Na]+ 347.1465, found 347.1472. 
Benzyl-4,6-0-butylidene-D-mannopyranoside 79 To a solution of diol 78 (0.430 g, 
1.33 mmol) in dry CH2Cb (2 mL) was added DIEPA(l.4 mL, 7.98 mmol). To the 
solution was added EO M Cl (0.3 7 mL, 4.00 mmol) at 0 °C. Th en the solution was 
warmed up to r.t. slowly. T he solution was stirred for two days. To the solution 
was added 1 mL methanol. The solution was diluted with EtOAc. Concentration of 
the solution gave an oily residue that crystallized on standing. After filtration of the 
ammonium salt, the filtrate was flash chromatographed (n-hexane: Et20 = 3:1 ) to 
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afford diether 79 (0.485 g, 83o/o) as a colorless oil. [a]~ 116.1 (c 2.31 , CHCb); R1 
0.6 (hexane:EtOAc, 3:1), IR (thin film)2970 , 2932, 2875, 1644, 1455, 1384, 1217, 
1099, 1026; 1H NMR 8 0.88 (3H, t, J = 7.5 Hz), 1.09 (3H, t, J = 7.2 Hz), 1.19 (3H, t, J 
= 7.2 Hz), 1.31-1.43 (2H, m), 1.53-1.61 (2H, m), 3.53-3.82 (7H, m), 3.96-3.99 (1H, 
m), 4.04 (1H, dd, J = 4.2 Hz, J = 9.9 Hz), 4.12 (1H, dd, J = 3.3 Hz, J = 9.6 Hz), 4.46 
(1H, d, J = 11.7 Hz), 4.55(1H, dd, J= 5.1 Hz, J= 10.5 Hz), 4.66(6H, m) 13C NMR 8 
14.5 , 15.5, 15.6, 18.1 , 36.9, 64.0, 64.9, 68.9, 69.7, 72.8, 75.9, 78.5 , 95 .1, 96.2, 99.5 , 
103.1 , 128.6, 129.1 , 137.5 ; MS (ESI) m/z (relative intensity) 463 ([M+Na]+, 100); 
HRMS (El) calcd. for C23H360 8 [M+Na]+ 463.2302, found 463.2298. 
Benzyl-4,6-0-butylidene-2,3-di-0-ethoxymethyi-D-mannopyranose 80 A mixture 
of benzyl mannoside 79 (80 mg 0.182 mmol) and a catalytic amount of 10% Pd on 
charcoal (20 mg) in ethanol (20 mL) was stirred under a hydrogen atmosphere (1 atm) 
for 1 h at r.t. The catalyst was filtered off and the filtrate was concentrated under 
reduced pressure to give lactol 80 (63 mg, 99%) as a colorless oil. [a]~ 72.4 (c 0.94, 
CHCb); R1 0.2 (hexane:EtOAc, 3: 1), IR (thin film)2971 , 2933, 2877, 1644, 1457, 
1393, 1218, 1159, 1100, 1026; 1H Nl\1R 8 0.87 (3H, t, J = 7.2 Hz), 1.14-1.24 (6H, m), 
1.30-1.42 (2H, m), 1.53-1.60 (2H, m), 3.52-3 .90 (8H, m), 3.96-3.99 (1H, m), 3.99 (1H, 
d, J = 0.9 Hz), 4.03 (1H, dd, J = 4.8 Hz, J = 10.2 Hz), 4.15 (1H, dd, J = 3.0 Hz, J = 
9.6 Hz), 4.56 (1H, t, J = 4.8 Hz), 4.66 (6H, m), 5.19 (1H, s) ;13C NMR 814.5, 15.5, 
15.5, 18.0, 36.9, 63.9, 64.1, 64.5 , 65.1 , 68.1 , 68.7, 68.9, 72.4, 75.2, 75.3 , 78.6, 81.3, 
94.7, 94.9, 95.0, 95.2, 96.1 , 97.6, 103.1 ; MS (ESI) m/z (relative intensity) 373 
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([M+Na]+, 100); HRMS (El) calcd. for C 16H300 8 [M+Na]+ 373.1833, found 373.1847. 
Benzyl-4,6-0-butylidene-2,3-di-0-ethoxymethyl-o-gluconolactone 81 To a solution 
of lactol 80 (99 mg, 0.285 mmol) in dry CH2Cb (5 mL) was added 3A molecular 
sieves(100 mg). PDC (0.131 g, 0.341 mmol) was added to the mixture that was 
stirred for 6 h. To the mixture was added diethyl ether. The reaction mixture was 
filtered with a pad of Celite and silica} gel. The residue was washed with EtOAc. 
The filtrate was concentrated under reduced pressure to give lactone 81 as a colorless 
oil (94 mg, 96% ). [a]~ - 72.4 ( c 2.97, CHCb); R1 0.5 (hexane:EtOAc, 3:1 ), lR (thin 
film) 2972,2875, 1780, 1644, 1468, 1383, 1279, 1181 , 1133, 1102, 1066, 1014; 1H 
NMR 8 0.90 (3H, t, J= 7.2 Hz), 1.16-1.21 (6H, m), 1.37-1.42 (2H, m), 1.58-1.63 (2H, 
m), 3.50-3.75 (6H, m), 4.10 (IH, dt, J = 5.1 Hz, J= 10.0 Hz), 4.28 (1H, dd, J= 5.0 Hz, 
J= 10.6 Hz), 4.38 (1H, dd, J= 4.8 Hz, J = 6.5 Hz), 4.54 (1H, t, J= 5.2 Hz), 4.67 (1H, 
t, J = 6.5 Hz), 4.66-4.88 ( 4H, m), 13C NMR 8 13.7, 14.8, 14.9, 17.3, 35.9, 63.4, 64.4, 
66.6, 68.1 , 69.9, 72.9, 81.4, 93.9, 95.0, 102.9, 168.4; MS (ESl) m/z (relative intensity) 
371 ([M+Na]+, 100); HRMS (El) calcd. for C1 6H2sOs [M+Na]+ 371.1676, found 
371.1666. 
Phosphonate 82 To a solution of diisopropylamine (0.25 mL, 1. 78 mmol) in dry THF 
(2 mL) was added dropwise n-butyllithium in hexane (1.6M solution, 1.12 mL, 1.78 
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mmol) at -78 °C under N2. T he reaction mixture was stirred for 30 min at -78 °C 
under N2 and dimethyl methylphosphonate (0.1 mL, 0.9 mmol) was then added. The 
reaction mixture was stirred for a further 30 min at -78 °C and was added slowly to a 
solution of lactone 81 (156 mg, 0.45 mmol) in dry THF (2 mL) at -78 °C. Stirring 
was continued for an additional 1 h at the same temperature. The reaction was 
quenched with saturated aq N~Cl (2 mL) at -78 °C and was warmed to room 
temperature. Th e mixture was extracted with EtOAc ( 4 x 1 Oml), the combined 
organic extracts were dried (MgS04) and filtered. Concentration of the filtrate 
followed by flash chromatography (n-hexane:EtOAc= 3 :2) yielded phosphonate 82 
(181 mg, 85o/o) as a yellow oil. [ a]~ 69.8 (c 1.19, CHCb); R1 0.5 (EtOAc), IR (thin 
film)3309, 2960, 2933 , 2875 , 1644, 1458, 1391 , 1221 , 1181 , 1158, 1098, 1061 , 1027; 
1H NMR 8 0.83 (3H, t, J = 7.2 Hz), 1.10-1.16 (6H, m), 1.28-1.37 (2H, m), 1.49-1.55 
(2H, m), 1.96 (1H, dd, J = 15.4 Hz, J = 17.4 Hz), 2.51 (1H, dd, J = 15.4 Hz, J = 18.4 
Hz), 3.4 7-3.69 (13H, m), 3.80 (1H, d, J = 2.9 Hz), 3.88 (1H, td, J = 10.0 Hz, J = 4.8 
Hz), 3.96 (1H, dd, J = 4.8 Hz, J = 9.8 Hz), 4.95 (1H, t, J = 5.1 Hz), 4.68 (IH, d, J = 
6.9 Hz), 4.71 (1H, d, J = 6.7 Hz), 4.74 (1H, d, J= 6.7 Hz),4.87 (1H, d, J= 6.9 Hz) ;13C 
NMR 8 13.8, 14.8, 14.8, 17.3, 32.0, 33 .4, 36.2, 51.4, 51.5, 53.3, 53.4, 63.3 , 64.2, 64.5 , 
68.1 , 72.8, 72.8, 77.5 , 78.0, 78.1 , 94.5 , 96.5 , 97.8, 97.9, 102.3; MS (ESI) m/z (relative 
intensity) 495 ([M+Na]+, 100); HRMS (ESI) calcd. for C1 9H37011P [M+Na]+ 
495.1966, found 495.1982 
Diol 83 To a solution of lactol 82 (924 mg, 1.96 mmol) in MeOH (25 ml) was added 
65 
NaBH4 (298 mg, 7.83 mmol) at 0 °C. Stirring was continued for 0.5 h at the same 
temperature and then the solution was warmed up to r.t. and stirred for another 0.5 h. 
The reaction was quenched with saturated aq NH4Cl (5 mL). The mixture was 
extracted with EtOAc ( 4 x 30 mL). The combined organic extracts were dried, 
filtered , and the filtrate was concentrated. Flas h chromatography (MeOH : CH3Cl= 
1: 120) gave diol 83 (845 mg, 91%) as a colorless oil. [a]~ 4. 6 ( c 5 .20, CHCb); R1 
0.2 (EtOAc), IR (thin film) 3402, 2961 , 2934, 2875, 1646, 1465, 1394, 1347, 1317, 
1222, 1181 , 1164, 114 8, 11 00, 1 0 3 0; 1 H NMR 8 0. 8 8 (3 H, t, J = 7. 2 Hz), 1. 18-1.24 
(6H, m), 1.33-1.41(2H, m), 1.57-1.64(2H, m), 1.94-2.30 (2H, m), 3.39-3.62 (5H, m), 
3.67-3.87 (11H, m), 4.13-4.26 (2H, m), 4.42-4.67 (1H, m), 4.66-4.93 (4H, m) ; 13C 
NMR 8 13.9, 14.7, 14.9, 14.9, 17.7, 27.7, 29.1 , 29.2, 30.6, 36.4, 36.4, 52.2, 52.3, 52.6, 
61.5 , 61.5 , 64.4, 64.4, 64.8, 64.9, 66.2, 66.2, 70.3 , 70.4, 76.0, 76.7, 80.1 , 80.3, 80.8, 
82.2, 82.3 , 96.7, 97.1 , 97.2, 97.5 , 101.7, 102.0, 102.2; MS (ESI) m/z (relative 
intensity) 497 ([M+Na]+, 100); HRMS (ESI) calcd. for C, 9H3901,P [M+Na]+ 
497.2122, found 497.2226 
Diol 85 To the solution of lactol 80 (715 mg, 2.13 mmol) in THF was added 
MeMgBr in diethyl ether (3 mmol/L solution, 3.5 mL, 10.6 mmol) at 0 °C. Then the 
solution was slowly raised up to r.t. and stirring was continued for 24h. Saturated 
NH4CI (3 mL) was added to the reaction mixture at 0 °C. The reaction mixture was 
extracted with EtOAc ( 4 x 70 mL ). The combined organic extracts were dried over 
MgS04 and filtered. The filtrate was concentrated to give a crude oil that was 
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followed by flash column chromatography (n-hexane: EtOAc = 2: 1) to yield diol 85 
( 687 mg, 96o/o) as an colorless oil. [a]~ 1 .0 ( c 1.44, CHCh); R1 0.3 (hexane: 
EtOAc, 1:1), IR (thin film) 3419, 2972, 2934, 2875 , 1646, 1558, 1457, 1394, 1100, 
1029; 1H NMR 8 0.89 (3H, t, J = 7.2 Hz), 1.19-1.27 (9H, m), 1.33-1.43 (2H, m), 
1.55-1.65 (2H, m), 3.43 (1H, t, J = 2.0 Hz), 3.47-3.99 (9H, m), 4.13-4.19 (1H, m), 
4.42-4.48 (1H, m), 4.62-4.88 (4H, m); 13C NMR 8 13.8, 14.0, 14.7, 14.8, 15.0, 17.3, 
17.5, 17.7, 20.4, 20.9, 36.4, 36.4, 61.5 , 61.7, 63.5 , 64.2, 64.3 , 64.5 , 64.8, 64.9, 65.7, 
66.0, 66.3 , 70.1, 70.3 , 76.1 , 80.4, 80.6, 80.7, 83 .9, 95.7, 96.1 , 97.0 97.3 , 102.1 , 102.2, 
1 03.4. MS (ESI) m/z (relative intensity) 385 ([M+Na]+, 1 00); HRMS (ESI) calcd. for 
Ct7H3o0 s [M+Na]+ 389.2146, found 389.2151. 
Diketone 86 To a mixture of 3A molecular sieves (300 m g) and C20 2Cb (1.0 1 mL, 
11.93 mmol) in CH2Cb (5 mL) was added DMSO (1 .42 mL, 20.00 mmol) dropwise at 
-78 °C with stirring and stirring was continued for 0.5 h under N2 at the same 
temperature. To the stirred mixture was added dropwise a solution of diketone 86 
(702 mg, 2 mmol) in CH2Cb (5 ml) and then the mixture was stirred for an additional 
5h at -78 °C. To the solution was added NEt3 (5.6 mL, 40 mmol) dropwise with 
stirring and the stirring was continued for 15 min at -78 °C. The reaction mixture was 
removed from the cooling bath and allowed to warm to r.t. with stirring. To the 
mixture was added 20ml toluene. The mixture was filtered to get rid of 3A 
molecular sieves and organic salt which was washed by diethyl ether. The filtrate was 
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concentrated and the residue flash chromatographed (n-hexane:Acetone= 8:1) yielded 
86 (670 mg, 96%) as a yellow oil. [a]~ - 8.7 (c 4.85 , CHCb); R1 0.4, 0.7 (hexane: 
acetone, 2:1), IR (thin film) 2973, 2934, 2878, 1732, 1645, 1570, 1412, 1393, 1354, 
1274, 1235,1180, 1153, 1116, 1039; 1HNMR80.94(3H, t, J=7.2Hz), 1.15(3H, t, J 
= 7.2 Hz), 1.16 (3H, t, J= 7.2 Hz), 1.26-1.40 (2H, m), 1.54-1.61 (2H, m), 2.28 (3H, s), 
3.44-3.73 (4H, m), 4.18 (1H, d, J= 4.8 Hz), 4.25 (1H, d, J= 17.1 Hz), 4.36 (1H, d, J 
= 1.8 Hz), 4.43 (2H, d, J = 18.6 Hz), 4.57 (1H, d, J = 7.2 Hz), 4.62-4.68 (3H, m), 4.87 
(1H, t, J = 5.1 Hz); 13C NMR 8 14.4, 15.2, 15.4, 18.1, 28.7, 36.8, 64.8, 65.1 , 73.7, 
80.2, 81.9, 96.0, 96.7, 100.9, 204.5, 208.6. MS (ESI) m/z (relative intensity) 385 
([M+Na]+, 100); HRMS (ESI) calcd. for C 17H300 8 [M+Na]+ 385.1833, found 
385.1829. 
P-Hydroxy ketone 87 To a solution of86 (0.41 g, 1.13 mmol) in toluene (10 mL) was 
added piperidine (0.004mL, 0.034mmol) and AcOH (0.007mL, 0.034mmol). The 
solution was stirred for 3d. Concentration of the solution followed by flash 
chromatography (n-hexane: EtOAc = 1: 1) to yield P-hydroxy ketone 87 (0.3g, 73o/o) 
as a colorless oil. [a]~ -69.0 (c 0.74, CHCb); R1 0.3 (n-hexane: EtOAc, 2:1), IR 
(thin film) 3503, 2963 , 2932, 2875, 1734, 1636, 1558, 1457, 1391 , 1124, 1033; 1H 
NMR 8 0.94 (3H, t, J = 7.2 Hz), 1.18-1.23 (6H, m), 1.39-1.49 (2H, m), 1.64-1.69 (2H, 
m), 2.56 (lH, dd, J= 1.9 Hz, J = 14.4 Hz), 3.23 (1H, d, J = 14.4 Hz), 3.52-3.76 (7H, 
m), 3.87 (lH, dd, J= 1.9 Hz, J = 3.6 Hz), 4.47 (lH, t, J = 3.6 Hz), 4.64 (1H, t, J= 5.0 
) 13 Hz), 4.69 (lH, d, J = 3.3 Hz), 4.74-4.86 (4H, m ; C NMR 8 13.9, 14.9, 15.0, 17.2, 
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36.3, 47.8, 63.9, 64.3 , 71.3 , 73.3 , 78.1 , 80.4, 94.3 , 96.2, 102.6, 205.1. MS (ESI) m/z 
(relative intensity) 385 ([M+Na]+, 1 00); HRMS (ESI) calcd. for C 17H300 8 [M+Na]+ 
385.1833, found 385.1841. 
Enone 84 POCh (0.06 mL, 0.36 mmol) was slowly added to P-hydroxy ketone 87 
(0.23 g, 0.36 mmol) in pyridine (4 mL) at 0 °C. The resultant solution was warmed 
to r.t. and then stirred for 12h. Toluene was added to precipitate out the pyridinium 
chloride salt. The mixture was then filtered through a pad of Celite and the residue 
was washed with EtOAc. Concentration of the filtrate followed by flash 
chromatography (n-hexane: EtOAc = 3:1) to yield en one 84 (0.20 g, 90% ). [a]~ 
-85.8 (c 0.66, CHCb); R1 0.5 (hexane: EtOAc, 3: 1), IR (thin film) 2963 , 2933, 2876, 
1690, 1645, 1446, 1393, 1268, 1180, 1158, 1113, 1061 , 1016; 1H NMR 8 0.91 (3H, t, 
J = 7.2 Hz), 1.15 (3H, t, J = 7.2 Hz), 1.20 (3H, t, J = 7.2 Hz), 1.37-1.45 (2H, m), 
1.59-1.67 (2H, m), 3.46-3.52 (1H, m), 3.58-3.69 (3H, m), 4.14 (1H, dd, J= 3.0 Hz, J 
= 7.8 Hz), 4.20 (1H, dd, J = 1.2 Hz, J= 2.7 Hz), 4.46 (2H, s), 4.69-4.79 (4H, m), 4.81 
(1H, d, J = 6.9 Hz) , 4.86 (1H, d, J = 6.9 Hz), 5.79 (1H, s) ; 13C NMR 8 14.5, 15.4, 
15.5, 17.8, 37.1 , 64.1 , 64.3 , 69.2, 75.3, 76.3, 94.8, 95.1 , 102.2, 122.3, 152.9, 194.8. 
MS (ESI) m/z (relative intensity) 367 ([M+Na]+, 100); HRMS (ESI) calcd. for 
C 17H280 7 [M+Na]+ 367.1727, found 367.1723. 
Diacetal 88 To a solution of benzyl glcoside 50 (869 mg, 3.22 mmol) in dry MeOH 
was added 2,3-butanedione ( 0.34 ml, 3.86 mmol), trimethyl orthoformate (2 .11 ml , 
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I9 .3I mmol) and CSA( 66mg, 0.32 mmol). The solution was stirred at r.t. for 2d. 
The reaction was quenched by adding triethylamine (1 ml). Concentration of the 
solution followed by flash chromatography (n-hexane:EtOAc= I: I) yielded diacetal 
88 ( 1.05 g, 85o/o) as a colorless oil. [a]~ 128 .9 (c 0.86, CHCb); R1 0.2 (n-hexane: 
EtOAc = I:2) ; IR (thin film) 3362, 2932,2834, I724, 1645, I54I , I497, I455 , I376, 
I209, II16, I037; 1H NMR 8 1.28-1.39 (6H, m), 3.20-3.39 (7H, m), 3.54-3.67 (1H, 
m), 3.73-3.90 (3H, m), 3.96 (1H, s, br), 4.05 (1H, dd, J = 10.5 Hz, J = 2.7 Hz), 
4.10-4.17 (1H, m), 4.33-4.51 (2H, m), 4.66-4.75 (1H, m), 4.92(1H, s), 7.36(5H, s) ; 
13C NMR 8 18.3, 18.4, 19.4, 48.6, 48.8, 48.9, 61.7, 62.6, 63.4, 67.4, 67.5 , 68.7, 69.5 , 
69.7, 70.0, 70.3 , 71.7, 72.6, 72.7, 73.6, 99.3 , 99.7, 99.9, 100.5, 100.9, 102.2, 102.5, 
I28.3 , I28.4, 128.6, 128.8, I29.I , I37.6, 137.8, 137.9; MS (ESI) m/z (relative 
intensity) 407 ([M+Na]+, 100), HRMS (ESI) calcd. for C1 9H280 s [M+Na]+ 407.1676, 
found 407.1671. 
Silyl ether 89 To a solution of diol 88 (1.01 g, 2.64 mmol) in CH2Cb were added 
TBSCl (0.6 g 3.96 mmol), DIEPA (0.91 ml, 5.28 mmol) and DMAP( 32 mg, 0.26 
mmol). The solution was stirred for 6h. The solution was diluted with EtOAc. 
Concentration of the solution gave and oily residue that crystallized on standing. 
After filtration of the ammonium salt, concentration of the filtrate followed by flash 
chromatography (n-hexane: EtOAc = 6:1 ) to afford silyl ether 89 (1.17 g, 89o/o) as a 
colorless oil. [a]~ 88.1 (c 1.46, CHCI3); Rf 0.5 (n-hexane: EtOAc = 3:1); IR (thin 
film) 3443, 2929, 2856, 1645, 1497, 1462, 1374, 1253, 1209, 1113, 1043 ; MS (ESI) 
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m/z (relative intensity) 521 ([M+Na]+, 100), HRMS (ESI) calcd. for C19H280 8 
[M+Na]+ 521.2541 , found 521.2554. 
Ethoxyl ether 90 To a solution of alcohol 89 (1.11 g, 2.22 mmol) in dry THF (5 mL) 
was added 60o/o NaH (0.178 g, 4.44 mmol) at 0 °C. To the solution was added 
EOMCI (0.07 mL, 0.75 mmol) at 0 °C. Then the solution was warmed up to r.t. 
slowly. The solution was stirred for two days. To the solution was added 1mL 
methanol. The solution was diluted with EtOAc. Concentration of the solution gave 
and oily residue that crystallized on standing. After filtration of the ammonium salt, 
the filtrate was flash chromatographed. (n-hexane: Et20 = 6:1 ) to afford ethoxyl 
ether 90 (1.235 g, 89o/o) as a colorless oil. MS (ESI) m/z (relative intensity) 521 
([M+Na]+, 1 00), HRMS (ESI) calcd. for C1 9H280s [M+Na]+ 579.2960, found 
579.2953. 
Lactone 92 To a solution of lactol 91 (3.94 g, 8.45 mmol) in dry CH2Cb ( 40 mL)was 
added 3A molecular sieves (3 g). To the mixture, PDC ( 4.13 g, 11.00 mmol) was 
added to the mixture that was stirred for 6 h. To the mixture was added diethyl ether. 
The reaction mixture was filtered with a pad of Celite and silical gel. The residue 
was washed with EtOAc. The filtrate was concentrated under reduced pressure to 
give lactone 92 as a colorless oil (3.64 g, 93o/o). [a]~ 85 .6 (c 0.86, CHCb); R1 0.5 
(n-hexane: EtOAc = 3:1) ; IR (thin film) 2952, 2930, 2894, 2857, 1752, 1644, 1541 , 
I 1463, 1375, 1255, 1214, 1214, 1123, 1036, 1020; H NMR 8 0.04 (6H, s), 0.86 (9H, s), 
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1.20 (3H, t, J = 7.2 Hz), 1.29 (3H, s), 1.30 (3H, s), 3.25 (3H, s), 3.27 (3H, s), 
3.59-3.91 (5H, m), 4.13 (1H, dt, J = 1.8 Hz, J= 9.6 Hz), 4.43 (1H, d, J = 3.6 Hz), 4.53 
(1H, t, J= 10.8 Hz), 4.78 (1H, d, J= 6.9 Hz), 4.87 (1H, d, J= 6.9 Hz), 13C NMR 8 
-4.8, -4. 7, 15 .5, 18.1' 18.3, 18.8, 26.2, 26.4, 48.6, 48. 7, 60.0, 61.2, 64.1 ' 68.1 ' 71. 7, 
81.1 , 95.2, 99.9, 100.2, 167.8; MS (ESI) m/z (relative intensity) 487 ([M+Na]+, 100), 
HRMS (ESI) calcd. for C24H490 12PSi [M+Na]+ 487.2334, found 487.2340. 
Phosphonate 93 To a solution of diisopropylamine (3.8 mL, 27.1 mmol) in dry THF 
(20 mL) was added dropwise n-butyllithium in hexane (1.6 M solution, 17 ml, 27.1 
mmol) at -78 °C under N2. The reaction mixture was stirred for 30 min at -78 °C under 
N2 and dimethyl methylphosphonate (1.18 mL, 10.84 mmol) was then added. The 
reaction mixture was stirred for a further 30 min at -78 °C and was added slowly to a 
solution of lactone 92 (2.52 g, 5.42 mmol) in dry THF (20 mL) at -78 °C. Stirring 
was continued for an additional 0.5 h at the same temperature. The reaction was 
quenched with saturated aq NH4Cl (10 mL) at -78 °C and was warmed to room 
temperature. Th e mixture was extracted with CH2Cb ( 4 x 40ml), the combined 
organic extracts were dried (MgS04) and filtered. Concentration of the filtrate 
followed by flash chromatography (n-hexane: EtOAc= 3: 1) yielded phosphonate 93 
(2.71 g, 85% ) as a colorless oil. [a]~ 137.4 (c 1.23, CHCh); Rf 0.5 (n-hexane: 
EtOAc = 1:1); IR (thin film) 3303, 2953, 2930,2856, 1645, 1462, 1376, 1252, 1225, 
1182, 1125, 1 036; 1H NMR 8 -0.01 (3H, s), 0.02 (3H, s), 0.84 (9H, s), 1.17 (3H, t, J = 
6 Hz), 1.23 (3H, s), 1.23 (3H, s), 1.96 (1H, dd, J = 18 Hz, J = 15 Hz), 2.60 (1H, dd, J 
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= 18 Hz, J = 15 Hz), 3.18 (3H, s), 3.22 (3H, s), 3.55-3.83 (11H, m), 3.94 (2H, d, J = 
6.9 Hz), 4.21 (1H, dt, J = 2.4 Hz, J = 7.2 Hz), 4.72 (1H, d, J = 6.6 Hz), 4.94 (1H, d, J 
= 6.6 Hz), 5.94 (1H, s, br) ; 13C NMR 8 -4.9, -4.7, 15.6, 18.3, 18.3, 18.9, 26.4, 32.7, 
34.5 , 48.4, 48.5 , 52.2, 52.3 , 54.3, 54.4, 62.5, 63.4, 64.6, 69.2, 73.5 , 77.0, 96.3 , 98.1 , 
98.2, 1 00.0, 1 00.2; MS (ESI) m/z (relative intensity) 611 ([M+Na ]+, 1 00), HRMS 
(ESI) calcd. for C24H4901 2PSi [M+Na]+ 611.2623, found 611.2633. 
Diol 94 To a solution of93 (881 mg, 1.50 mmol) in MeOH (15 ml) was added NaB~ 
(0.19 g, 5.99 mmol) at r.t. Stirring was continued for 0.5 hat the same temperature. 
The reaction was quenched with saturated aq NH4Cl (5 mL). The mixture was 
extracted with EtOAc ( 4 x 30 mL). The combined organic extracts were dried, 
filtered, and the filtrate was concentrated. Flash chromatography (EtOAc) gave diol 
94 (874 mg, 99o/o) as a colorless oil. [a]~ 112.9 (c 1.87, CHCh); R/ 0.2 (EtOAc); IR 
(thin film) 3365, 2952, 2887, 2856, 1644, 1541 , 1463, 1375, 1251 , 1227, 1184, 1127, 
1035 ; 1HNMR 8 0.03 (3H, s), 0.04 (3H, s), 0.85 (9H, s), 1.17 (3H, t, J= 7.2 Hz), 1.21 
(3H, s), 1.24 (3H, s), 1.95-2.04 (1H, m), 2.21-2.31 (1H, m), 3.19 (3H, s), 3,24 (3H, s), 
3.57-3.87 (13H, s), 4.09 (1H, dd, J = 1.6 Hz, J = 10.0 Hz), 4.17 (1H, s), 4.47 (1H, t, J 
= 7.6), 4.71 (1H, d, J = 7.2 Hz) , 4.79 (1H, d, J = 7.2 Hz) ; 13C NMR 8 -5.4, 15.0, 
17.4, 17.4, 18.2, 25.8, 28.9 30.3, 48.1 , 48.2, 51.9, 52.6, 63.3 , 64.1 , 67.3 , 68.3 , 71.1 , 
74.4, 76.1, 76.2, 94.5 , 98.4, 98.7; MS (ESI) m/z (relative intensity) 613 ([M+Na]+, 
100), HRMS (ESI) calcd. for C24Hs1012PSi [M+Na]+ 613.2780, found 613.2795. 
73 
Enone 95 To a solution of 3A molecular sieves (200 mg) and DMSO (0.36 ml, 
5.00mmol) in CH2Cb (3 ml) was added TFAA (0.42 ml, 3.00 mmol) dropwise at -78 
°C with stirring and stirring was continued for 0.5 h under N2 at the same temperature. 
To the stirred mixture was added dropwise a solution of diol 94 (0.265 mg, 0.45 mmol) 
in CH2Cb (2 ml) and then the mixture was stirred for an additional 5h at -78 °C. To 
the solution was added DIEPA (1.75 ml, 10.00 mmol) dropwise with stirring and the 
stirring was continued for 15 min at -78 °C. The reaction mixture was removed from 
the cooling bath and allowed to warm to r.t. with stirring. To the mixture was added 
LiCl (38 mg, 0.90 mmol) and TEA (0.25 mL, 1.80 mmol). The mixture was stirred 
for 1.5 hours at r.t. The mixture was filtered to get rid of 3A molecular sieves. The 
filtrate was concentrated and the residue was flash chromatographed (n-hexane: 
EtOAc= 8 : 1) yielded enone 95 (0.144 mg, 70%) as a yellow oil. [a]~ 13 7 .4 ( c 1.23, 
CHCb); R1 0.6 (n-hexane: EtOAc = 3:1); IR (thin film) 2953 , 2886, 2857, 1685, 1630, 
1472, 1378, 1257, 1164, 1114, 1034; 1H NMR 8 0.05 (3H, s), 0.06 (3H, s), 0.88 (9H, 
s), 1.17 (3H, t, J = 7.2 Hz), 1.31 (3H, s), 1.30 (3H, s), 3.23 (3H, s), 3.27 (3H, s), 
3.52-3.63 (2H, m), 3.94 (1H, dd, J = 2.7 Hz, J = 13 .2 Hz), 4.12 (1H, dd, J = 1.5 Hz, J 
= 3.0 Hz), 4.33 (1H, dt, J = 1.8 Hz, J = 18.3 Hz), 4.58 (1H, d, J= 18.3 Hz), 4.80 (2H, 
s), 4.93 (1H, dt, J = 1.2 Hz, J = 8.7 Hz), 6.12 (1H, dd, J = 1.2 Hz, J = 2.1 Hz); 13C 
NMR 8 -4.9, -4.8, 15 .5, 18.2, 18.3, 18.8, 26.4, 26.5, 48.7, 48.7, 61.4, 64.1 , 66.0, 71.6, 
77.3 , 95.1 , 100.5, 100.9, 122.2, 162.6, 194.7; MS (ESI) m/z (relative intensity) 483 
([M+Na]+, 100), HRMS (ESI) calcd. for Cn H4oOsSi [M+Na]+ 483.2385 , found 
483.2392. 
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2-epi-Gabosine I To the enone 95 (35 mg, 0.08 mmol) was added TFA (2 ml) and 
H20 (0.1 ml). The solution was stirred at r.t. for 5 min. Concentration of the 
solution followed by flash chromatography (CHC13: MeOH=8: 1) yielded 
2-epi-Gabosine I (12 mg, 96o/o) as a colorless oil. [a]~ -75.0 (c 0.70, MeOH); R1 0.3 
(CHCh: MeOH=4:1); IR (thin film) 1682, 1438, 1384, 1119, 1087, 1040; 1H NMR 8 
4.14-4.24 (3H, m), 4.34 (1H, dd, J= 1.5 Hz, J= 17.7 Hz), 4.54 (1H, d, J= 2.7 Hz), 
6. 09 ( 1 H, t, J = 1. 5 Hz); 13 C NMR 8 6 2. 4, 6 9.1 , 73.0, 7 5. 7, 121.3, 161.4, 199.0; MS 
(ESI) m/z (relative intensity) 197 ([M+Na ]+, 1 00), HRMS (ESI) calcd. for C7H100 5 
[M+Na]+ 197.0420, found 197.0423. 
Allylic alcohol 101 To a solution of enone 95 (100 mg, 0.22 mmol) in THF (5 ml) 
was added K-selectride (0.33 ml, 0.33 mmol) at 0 °C. Stirring was continued for 0.5 h 
at the same temperature. Th e excess of the hydride was quenched with methanol 
(0 .1mL). The reaction mixture was filtered through silica! gel and the residue was 
washed with EtOAc. Concentration of the solution followed by flash 
chromatography (n-hexane: EtOAc= 6: 1) yielded allylic alcohol 101 (90 mg, 90o/o) as 
a colorless oil. [a]~ 102 .6 ( c 2.15, CHCb); R1 0.4 (n-hexane: EtOAc = 3:1 ); IR (thin 
film) 2953, 2929, 2896, 2857, 1667, 1472, 1462, 1377, 1254, 1209, 1167, 1122, 1069, 
1 039; 1H NMR 8 0.06 (6H, s), 0.88 (9H, s), 1.21 (3H, t, J = 7.2 Hz), 1.28 (6H, s), 3.23 
(3H, s), 3.25 (3H, s), 3.52-3.63 (2H, m), 3.78 (1H, d, J = 9Hz), 4.09-4.29 (4H, m), 
4.65 (1H, d, J= 9Hz), 4.87 (1H, d, J= 6.6 Hz), 4.94 (1H, d, J = 6.6 Hz), 5.56 (1H, s) ; 
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13C NMR 8 -4.7, -4.6, 15.6, 18.2, 18.4, 18.9, 26.4, 48.5 , 62.0, 64.5 , 66.1 , 69.0, 71.4, 
96.6, 100.6, 125.2, 137.3; MS (ESI) m/z (relative intensity) 485 ([M+Na]+, 100), 
HRMS (ESI) calcd. for C22H400 8Si [M+Na]+ 485.2541, found 485.2524. 
Alcohol 102 To a solution of silyl ether 101 (63 mg, 0.14 mmol) in THF (25 ml) was 
added TBAF (1.64 ml, 1 M) at r.t. Stirring was continued for 0.5 h at the same 
temperature. Th e reaction mixture was filtered with silical gel and the residue was 
washed with EtOAc. Concentration of the solution followed by flash 
chromatography (n-hexane: EtOAc= 1:1) yielded alcohol 102 (45 mg, 96%) as a 
colorless oil. R1 0.2 (n-hexane: EtOAc = 1:1 ). [a]~ 114.5 ( c 1.94, CHCb); R1 0.2 
(n-hexane: EtOAc = 1:1); IR (thin film) 3414, 2494, 2902, 2834, 1664, 1455, 1378, 
1211 , 1119, 1038; 1H NMR 8 1.94 (3H, t, J = 7.1 Hz), 1.26 (3H, s), 1.27 (3H, s), 3.20 
(3H, s), 3.25 (3H, s), 3.61-3.69 (2H, m), 3.77 (1H, dd, J = 1.4 Hz, J = 9.1 Hz), 4.09 
(1H, d, J =4Hz), 4.14 (1H, d, J = 13.2 Hz), 4.22 (1H, d, J = 13.2 Hz), 4.30 (1H, s), 
4.69 (1H, d, J = 9.1 Hz) 4.85 (1H, d, J = 6.6 Hz), 4.92 (1H, d, J = 6.6 Hz), 5.56 (1H, 
s); 13C NMR 8 14.9, 17.6, 17.8, 47.8, 62.7, 63.9, 66.4, 68.1 , 70.7, 76.5 , 95.9, 99.9, 
100.1 , 126.7, 136.3; MS (ESI) m/z (relative intensity) 371 ([M+Na]+, 100), HRMS 
(ESI) calcd. for C 16H280 8 [M+Na]+ 371.1676, found 371.1687. 
Acetate 103 To a solution of alcohol 102 (32 mg, 0.09 mmol) in THF (2 ml) was 
added 2,4,6-Colidine (0.03 ml, 0.22 mmol) and AcCl (0.0078ml, 0.11 m mol) at -78 °C. 
Stirring was continued for 3 h at the same temperature. T hen the temperature was 
slowly raised up to r.t. The reaction mixture was filtered with silica! gel and the 
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residue was washed with EtOAc. Concentration of the solution followed by flash 
chromatography (n-hexane: EtOAc= 3: 1) yielded acetate 103 (35 mg, 95%) as a 
colorless oil. [a]~ 121.3 (c 1.59, CHCb); R1 0.5 (n-hexane: EtOAc = 1:1 ); IR (thin 
film) 3428, 2949, 2884, 1742, 1456, 1378, 1228, 1118, 1071 , 1 036; 1H NMR 8 1.20 
(3H, t, J = 7.1 Hz), 1.27 (3H, s), 1.28 (3H, s), 2.04 (3H, s), 3.21 (3H, s), 3.24 (3H, s), 
3.58-3.72 (2H, m), 3.78 (1H, dd, J= 1.5 Hz, J = 9.1 Hz), 4.11 (1H, t, J = 2.1 Hz), 
4.59-4.71 (3H, m), 4.87 (1H, d, J= 6.6 Hz), 4.94 (1H, d, J = 6.6 Hz); 13C NMR 8 15.0, 
17.6, 17.8, 20.9, 47.7, 47.9, 62.6, 64.0, 65.1 , 68.1 , 70.7, 76.6, 95.9, 100.0, 100.1 , 
128.3, 132.2, 170.4; MS (ESI) m/z (relative intensity) 413 ([M+Na]+, 100), HRMS 
(ESI) calcd. for C1 sH3o0 9 [M+Na]+ 413.1976, found 413.1971. 
Acetate 104 To the crude acetate 103 (38 mg) was added TFA (2 ml) and H20 (0.1 
ml). The solution was stirred at r.t. for 5 min. Concentration of the solution 
followed by flash chromatography (CHCb: MeOH=8: 1) yielded acetate 104 (19 mg, 
96%) as a colorless oil. [a]~ - 57.8 (c 0.9, MeOH); R1 0.4 (CHCb: MeOH=4:1); IR 
(thin film) 3277, 2351 , 1676, 1437, 1384, 1262, 1203, 1141 , 1030; 1H NMR 8 2.06 
(3H, s),3.68-3.71 (1H, m), 3.99 (1H, d, J = 17.1 Hz), 4.22 (1H, s), 4.24 (1H, s), 4.59 
(1H, d, J = 13.2 Hz), 4.71 (1H, d, J = 13,2 Hz), 5.68 (1H, s) ; 13C NMR 8 20.4, 64.5, 
66.4, 69.4, 74.8, 126.2, 135.8, 170.5; MS (ESI) m/z (relative intensity) 241 ([M+Na]+, 
100), HRMS (ESI) calcd. for C9H1 40 6 [M+Na]+ 241.0683, found 241.0677. 
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Ester 105 To the solution of allylic alcohol 101 (146 mg, 0.32 mmol) in THF (5 mL) 
were added triphenylphosphine (248mg, 0.95 mmol) and 4-nitrobenzoic acid (79 mg, 
0.4 7 mmol) at r.t. Then diisopropyl azodicarboxylate (DIAD) (0.19mL, 9.48 mmol) 
was added dropwise at r.t. Stirring was continued for 15 min at the same 
temperature. Concentration of the solution followed by flash chromatography 
(n-hexane: Et20 = 4: 1) yielded crude ester 105 (240 mg) mixed with some DIAD as a 
yellow oil. 
Alcohol 106 To the solution of ester 105 (240 mg) in methanol (2 ml) was added a 
catalytic amount of K2C03 ( 4 mg, 0.03 m mol) and then concentration of the solution 
followed by adding THF (3 mL) and TBAF (1.0 M solution, 0.38 mL, 0.38 mmol). 
Stirring was continued for 3 h at r.t. Concentration of the solution followed by flash 
chromatography (n-hexane: EtOAc= 1: 1) yielded alcohol 106 (94 mg, 85%) as a 
white solid. R1 0.2 (n-hexane: EtOAc = 1:1). [a]~ 188.9 (c 1.59, CHCl3); m.p. 
135-136°C; R1 0.2 (n-hexane: EtOAc = 1:1); IR (thin film) 1034, 1118, 1139, 1166, 
1378, 1456, 2834, 2948, 3392; 1H NMR 8 1.17 (3H, t, J = 7.1 Hz), 1.26 (3H, s), 1.27 
(3H, s), 3.22 (3H, s), 3.23 (3H, s), 3.57-3.63 (2H, m), 3.90 (1H, s), 3.94 (1H, dd, J = 
2.1 Hz, J= 9.2 Hz), 4.09 (1H, d, J = 14.4 Hz), 4.20 (1H, s), 4.31 (1H, d, J = 14.4 Hz), 
4.60 (1H, d, J = 9.0 Hz), 4.76 (1H, d, J = 6.8 Hz), 4.84 (1H, d, J = 6.8 Hz), 5.71 (1H, 
s) ; 13 C NMR 8 14.9, 1 7. 6, 1 7. 7, 4 7. 8, 4 7. 8, 61. 8, 6 3. 3, 66. 1, 6 7. 9, 6 8. 4, 7 6. 8, 9 5 .1 , 
100.0, 100.0, 121.8, 140.2; MS (ESI) m/z (relative intensity) 371 ([M+Na]+, 100), 
HRMS (ESI) calcd. for C 16H2sOs [M+Na]+ 371.1676, found 371.1686. 
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Acetate 107 To a solution of alcohol 106 (37 mg, 0.11 mmol) in THF (2 ml) was 
added 2,4,6-Colidine (0.03 ml, 0.26 mmol) and AcCI (0.009 ml, 0.13mmol) at -78 °C. 
Stirring was continued for 1 h at the same temperature. Then the temperature was 
slowly raised up to r.t. The reaction mixture was filtered with silica} gel and the 
residue was washed with EtOAc. Concentration of the solution followed by flash 
chromatography (n-hexane: EtOAc= 3:1) yielded acetate 107 (37 mg, 89%) as a 
colorless oil. [a]~ 192.5 (c 0.63, CHCb); R1 0.5 (n-hexane: EtOAc = 1: 1); IR (thin 
film) 3419, 2949, 1742, 1545, 1377, 1229, 1140, 1117, 1035 ; 1H NMR 8 1.19 (3H, t, J 
= 7.1 Hz), 1.28 (6H, s), 2.05 (3H, s), 3.22 (3H, s) , 3.23 (3H, s), 3.61 (1H, q, J = 14.4 
Hz), 3.93-3.97 (2H, m), 4.26 (1H, s), 4.60 (1H, dd, J= 0.7 Hz, J= 8.8 Hz), 4.67 (1H, 
d, J = 13.6 Hz), 4.73 (1H, d, J = 13.6 Hz), 4.79 (1H, d, J = 6.8 Hz), 4.88 (1H, d, J= 
6.8 Hz) ; 13C NMR 8 15.0, 17.7, 17.8, 20.9, 47.8, 47.9, 62.6, 63.4, 64.7, 68.0, 76.6, 
95.2, 100.1 , 100.2, 123.9, 136.6, 170.5; MS (ESI) m/z (relative intensity) 413 
([M+Na]+, 100), HRMS (ESI) calcd. for C1 sH3o0 9 [M+Na]+ 413.1976, found 
413 .1986. 
Acetate 108 To the acetate 107 (37 mg) was added TFA (2 ml) and H20 (0.1 ml). 
The solution was stirred at r.t. for 5 min. Concentration of the solution followed by 
flash chromatography (CHCb: MeOH=8: 1) yielded acetate 108 (19 mg, 95%) as a 
colorless oil. [a]~ 8.0 (c 0.65, CHCb); R1 0.3 (CHCb: MeOH=4: 1); IR (thin film) 
3339, 1722, 1674, 1558, 1436, 1384, 1262, 1203, 1141 , 1026; 1H NMR 8 2.06 (3H, s), 
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3.74 (1H, dd, J = 2.4 Hz, J = 6.5 Hz), 3.85 (1H, dd, J = 2.4 Hz, J = 4.4 Hz), 4.09 (1H, 
d, J= 4.4 Hz), 4.17 (1H, dd, J= 1.0 Hz, J= 6.5 Hz), 4.59 (1H, d, J = 13.1 Hz), 4.70 
(1H, d, J = 13.1 Hz); 13C NMR 8 19.6, 64.4, 68.8, 69.3, 72.3 , 73.7, 128.5, 134.5, 
171.4; MS (ESI) m/z (relative intensity) 241 ([M+Na]+, 100), HRMS (ESI) calcd. for 
C9H1406 [M+Na]+ 241.0683, found 241.0688. 
Lactones 71 and 72 To a mixture of 8-D-gluconolactone (1.00 g, 5.62 mmol) in THF 
(10 mL) was added DIEPA(10 mL, 56.2 mmol) . To the solution was added EOMCl 
(3.2 mL, 33.7 mmol) at 0 °C. Then the solution was warmed up to r.t. slowly. The 
solution was stirred for five days. The solution was diluted with EtOAc. 
Concentration of the solution gave an oily residue that crystallized on standing. 
After filtration of the ammonium salt, the filtrate was flash chromatographed 
(n-hexane: Et20= 2:1 ) to afford the mixture of lactones 71 and 72 (1.98 g, 86o/o) as a 
colorless oil. 
Phosphonate 73 To a solution of diisopropylamine (2.64 mL, 18.83 mmol) in dry 
THF (1 0 mL) was added dropwise n-butyllithium in hexane (1.6M solution, 7.36 mL, 
11.77 mmol) at -78 °C under N2. The reaction mixture was stirred for 30 m in at -78 
°C under N2 and dimethyl methylphosphonate (1.04 mL, 9.42 mmol) was then added. 
The reaction mixture was stirred for a further 30 min at -78 °C and was added slowly 
to a solution of lactones 71 and 72 (1.98 g, 4.82 mmol) in dry THF (1 0 mL) at -78 °C. 
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Stirring was continued for an additional 15min at the same temperature. The 
reaction was quenched with AcOH (0.81 mL) at -78 °C and was warmed to room 
temperature. The mixture was partitioned with water and EtOAc and was extracted 
with EtOAc ( 4 x 30ml), the combined organic extracts were dried (MgS04) and 
filtered. Concentration of the filtrate followed by flash chromatography 
(n-hexane:EtOAc= 1:1) yielded phosphonate 73 (1.20 g , 40% ) as a colorless oil. 
[a]~ - 1.6 ( c 2.60, CHCh); R1 0.5 (EtOAc ); IR (thin film) 3326, 2976, 2933 , 2887, 
1646, 1446, 1392, 1231 , 1183, 1099, 1033; 1H NMR 8 1.07-1.13 (12H, m), 2.02 (1H, 
dd, J = 15.4 Hz, J = 18.3 Hz), 2.53 (1H, dd, J= 15.4 Hz, J = 18.3 Hz), 3.17 (1H, d, J 
= 9.6 Hz), 3.37-3.90 (20H, m), 4.57(1H, d, J = 6.8 Hz), 4.60(1H, d, J = 6.8 Hz), 
4.68(1H, d, J = 4.3 Hz), 4.70 (1H, d, J= 4.3 Hz), 4.75(1H, d, J= 6.4 Hz), 4.75(2H, s), 
4.81(1H, d, J = 6.4 Hz) ; 13C NMR 8 14.8, 14.9, 14.9, 15.1 , 32.1 , 33.4, 51.6, 51.7, 
53.3 , 53 .4, 63.1 , 64.1 , 64.3 , 66.3 , 71.0, 77.0, 80.2, 80.2, 82.1 , 82.2, 95.3 , 96.3 , 96.4, 
96.8, 97.1 , 97.2 ; MS (ESI) m/z (relative intensity) 557 ([M+Na]+, 100) HRMS (El) 
calcd. For C21 H43013P [ M+Na]+ 557.2333 , found 557.2343. 
Diol 75 To a solution of phosphonate 73 (980 mg, 1.83 mmol) in MeOH (25 ml) was 
added NaBH4 (298 mg, 7.83 mmol) at r.t. Stirring was continued for 0.5 h at the 
same temperature. The reaction was quenched with saturated aq N~Cl (5 mL). The 
mixture was extracted with EtOAc ( 4 x 30 ml) . The combined organic extracts were 
dried, filtered , and the filtrate was concentrated. F lash chromatography (MeOH : 
CH3Cl= 1:120) gave diol 75 (940 mg, 96%) as a colorless oil. [a]~ - 22.5 (c 4.10, 
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CHCb); Rf 0.2 (EtOAc); IR (thin film) 3423, 2976, 2887, 1645, 1446, 1393, 1227, 
1182, 1099, 1030; 1H NMR 8 1.07-1.13 (12H, m), 1.85 (1H, dt, J = 10.4 Hz, J = 16.2 
Hz), 2.53 (1H, ddd, J = 2.3 Hz, J = 15.4 Hz, J = 19.5 Hz), 3.39-3.62 (18H, m), 
3.70(1H, d, J = 5.6 Hz), 3.72(1H, d, J = 5.6 Hz), 3.97-4.05 (1H, m), 4.52-4.67 (8H, 
m) ; 13C NMR 8 14.4, 14.6, 27.6, 29.0, 51.7, 51.8, 52.0, 52.1 , 63.0, 63.9, 64.0, 64.2, 
65.8, 65.8, 68.6, 69.3 , 77.5 , 79.7, 82.6, 82.8, 95.1 , 96.3 , 96.5 , 97.1 ; MS (ESI) m/z 
(relative intensity) 559 ([M+Na]+, 100) HRMS (El) calcd. for C21 H450 13P [M+Na]+ 
559.2490, found 559.2481. 
Enone 76 To a solution of 3A molecular sieves (200 mg) and DMSO (0.48 mL, 
6.79mmol) in CH2Cb (4 mL) was added TFAA (0.47 mL, 3.39 mmol) dropwise at -78 
°C with stirring and stirring was continued for 0.5 h under N2 at the same temperature. 
To the stirred mixture was added dropwise a solution of diol 75 ( 455 mg, 8.48 mmol) 
in CH2Cb ( 4 mL) and then the mixture was stirred for an additional 5h at -78 °C. To 
the solution was added TEA (1.9 mL, 13.57 mmol) dropwise with stirring and the 
stirring was continued for 15 min at -78 °C. T he reaction mixture was removed from 
the cooling bath and allowed to warm to r.t. with stirring. To the solution was added 
TEA (1.0 mL, 7.12mmol). The solution was stirred for 1 hours at r.t. The mixture 
was filtered to get rid of 3A molecular sieves. Concentration of the solution 
followed by flash chromatography (n-hexane:EtOAc= 6:1) yielded en one 76 (276 mg, 
80o/o) as a yellow oil. [a]~ 34.6 ( c 2.45, CHCb); Rf 0.3 (n-hexane: EtOAc = 3:1 ); IR 
(thin film) 2997, 2933, 2889, 1958, 1693, 1638, 1579, 1469, 1446, 1391 , 1284, 1266, 
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1183, 1122, 1100, 1030; 1H NMR 8 1.16-1.26 (12H, m), 3.52-3.82 (8H, m), 3.97 (1H, 
dd, J = 8.1 Hz, J = 10.5 Hz), 4.19 (1H, dt, J = 1.5 Hz, J = 18.9 Hz), 4.41 (1H, d, J = 
1.5 Hz), 4.40-4.48 (2H, m), 4.70 (2H, s), 4.77 (1H, d, J = 6.9 Hz), 4.82 (1H, d, J = 6.6 
Hz), 4.87 (1H, t, J = 6.6 Hz), 4.93 (1H, d, J = 6.6 Hz), 4.86 (1H, d, J = 6.9 Hz), 6.19 
(1H, dd, J= 2.1 Hz, J = 3.9 Hz); 13C NMR 8 15.2, 15.2, 15.3, 15.3, 63.8, 64.1 , 64.5 , 
64.9, 66.1 , 78.2, 79.8, 81.3 , 95.1 , 95.6, 96.8, 97.8, 123.2, 159.6, 195.9; MS (ESI) m/z 
(relative intensity) 429 ([M+Na]+, 100) HRMS (El) calcd. for C 19H340 9 [M+Na]+ 
429.2095 , found 429.2097. 
Allylic alcohol 98 To a solution of enone 76 (225 mg, 0.55 mmol) in THF (5 mL) was 
added K-selectride (0.31 g, 9.69 mmol) at -78 °C. Stirring was continued for 1 h at 
the same temperature and then the solution warm to r.t. T he excess of the hydride 
was quenched with methanol (0.1 mL ). T he reaction mixture was filtered through 
silical gel and the residue was washed with EtOAc. Concentration of the solution 
followed by flash chromatography (n-hexane:EtOAc= 2: 1) yielded allylic alcohol 98 
(193 mg, 86%) as a colorless oil. [a]~ 15.7 (c 0.99, CHCb); R1 0.3 (n-hexane: 
EtOAc = 1:1); IR (thin film) 3457, 2975, 2932, 2883 , 1958, 1444, 1391 , 1181 , 1099, 
1030; 1H NMR 8 1.16-1.22 (12H, m), 3.54-3 .71 (8H, m), 3.80 (1H, dd, J= 4.3 Hz, J = 
6.7 Hz), 4.05-4.16 (3H, m), 4.14 (1H, d, J = 7.0 Hz), 4.34 (1H, t, J = 3.6 Hz), 4.66 
(2H, dd, J = 6.7 Hz, J = 8.4 Hz), 4.74 (IH, d, J = 6.8 Hz), 4.76-4.80 (3H, m), 4.82 (lH, 
d, J = 6.8 Hz), 4.86 (IH, d, J = 6.8 Hz), 5.87 (IH, dd, J = 1.2 Hz, J = 3.4 Hz); 13C 
NMR 8 14.9, 15.0, 15.1 , 63.2, 63.7, 63.8, 64.0, 65.4, 67.3 , 74.9, 75.2, 75.8, 94.4, 95.2, 
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95.4, 96.0, 126.2, 136.5; MS (ESI) m/z (relative intensity) 431 ([M+Na]+, 100) 
HRMS (El) calcd. for C1 9H3609 [M+Na]+ 431.2252, found 429.2250. 
Allylic alcohol 99 To a solution of enone 76 (100 mg, 0.25 mmol) in MeOH (2 mL) 
was added CeCb·7H20 at -20 °C. The mixture was stirred for 1 hand then NaBHt was 
added (12 mg, 0.37mmol) at -20 °C. Upon completion (TLC), the reaction was 
quenched by the addition of saturated NHtCl (1 ml), and the aqueous phase was 
extracted with EtOAc (4 x 10 mL). After dried with MgS04, the combined organic 
extracts was concentrated and followed by flash chromatography (n-hexane:EtOAc= 
3:1) to give allylic alcohol 99 (82 mg, 82%) as a colorless oil. [a]~ 51.1 (c 3.40, 
CHCb); R1 0.5 (n-hexane: EtOAc = 1 :1); IR (thin film) 3446, 2976, 2932, 2885 , 1958, 
1646, 1445, 1391 , 1252, 1182, 1149, 1100, 1028; 1H NMR 8 1.14-1.23 (12H, m), 3.41 
(1H, dd, J = 6.7 Hz, J = 9.6 Hz), 3.52-3.62 (6H, m), 3.69 (1H, dd, J = 7.1 Hz, J = 9.3 
Hz), 3.70-3.81 (2H, m), 4.08 (2H, s), 4.13-4.18 (2H, m) , 4.65 (2H, t, J= 18.9 Hz), 
4.70 (1H, d, J = 7.0 Hz) , 4.74 (1H, d, J = 7.0 Hz) , 4.79-4.84 (3H, m), 4.88 (1H, d, J 
= 6.7 Hz), 5.74 (1H, s); 13C NMR 814.8, 14.9, 14.9, 15.0, 63.1 , 63.8, 64.1 , 64.2, 66.5 , 
70.3 , 79.2, 85.8, 94.4, 96.4, 96.5 , 96.6, 125.7, 134.8; MS (ESI) m/z (relative intensity) 
431 ([M+Na]+, 100) HRMS (El) calcd. for C1 9H360 9 [M+Na]+ 431.2252, found 
431.2255. 
Pentaol 113 To the allylic alcohol 98 (82 mg, 0.20 mmol) was added TFA (2 ml) and 
H20 (0.4 ml). The solution was stirred for 0.5h at r.t. Concentration of the solution 
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followed by flash chromatography (CHCb: MeOH=4: 1) yielded pentaol 113 (32 mg, 
92o/o) as a col or less oil. [a]~ 43.0 (c 0.45, MeOH); R1 0.2 (CHCb: MeOH=2: 1); IR 
(thin film) ; 1H NMR 8 3.43 (lH, dd, J = 4.2 Hz, J = 10.1 Hz), 3.72 (lH, dd, J = 7.4 
Hz, J = 10.1 Hz), 3.97 (lH, d, J = 7.4 Hz), 4.12-4.22 (3H, m), 5.80-5.82 (lH, m); 13C 
NMR 8 62.1 , 66.9, 71.9, 73.1 , 73.3, 121.9, 143.3; MS (ESI) m/z (relative intensity) 
199 ([M+Na]+, 100), HRMS (ESI) calcd. for C7H120 5 [M+Na]+ 199.0577, found 
199.0574. 
Pentaol 34 To the allylic alcohol 99 (132 mg, 0.32 mmol) was added TFA (2 ml) and 
H20 (0.4 ml). The solution was stirred for 0.5h at r.t. Concentration of the solution 
followed by flash chromatography (CHCb: MeOH=4: 1) yielded pentaol 34 (51 mg, 
89o/o) as a colorless oil. [a]~ 52.4 (c 1.50, MeOH); R/ 0.2 (CHCb: MeOH=2:1); IR 
(thin film) ; 1H NMR 8 3.38 (lH, dd, J = 7.7 Hz, J= 10.4 Hz), 3.46 (1H, dd, J= 7.7 
Hz, J = 10.4 Hz), 4.09-4.21 (4H, m), 5.60-5.61 (1H, t, J = 1.5 Hz) ; 13C NMR 8 61.2, 
71.7, 72.4, 75.7, 76.1 , 124.2, 139.1 ; MS (ESI) m/z (relative intensity) 199 ([M+Na]+, 
100), HRMS (ESI) calcd. for C7H1 20 s [M+Na]+ 199.0577, found 199.0579. 
Acetate 109 To a solution of allylic alcohol 113 (37 mg, 0.21 mmol) in collidine (2 
mL) was added AcCl (0.02 mL, 0.12 mmol) at -78 °C. T he solution was stirred for 3 
h and then at r.t. for 12 h. The reaction was quenched by methanol. Concentration 
of the solution followed by flash chromatography (CHCb: MeOH=8: 1) yielded 
acetate 109 (36 mg, 78o/o) as a colorless oil. [a]~ 45.5 (c 0.5 , MeOH); R1 0.3 (CHCb: 
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MeOH=4: 1 ); 1 H NMR 8 2.08 (3H, s), 3.46 (1H, dd, J = 4.2 Hz, J = 10.0 Hz), 3.74 (1H, 
dd, J = 7.3 Hz, J = 10.0 Hz), 3.96 (1H, d, J = 7.3 Hz), 4.20 (1H, t, J = 4.6 Hz), 4.59 
(1H, d, J = 13.4 Hz) , 4.79 (1H, dd, J= 0.8 Hz, J= 13.4 Hz), 5.82-5.84 (1H, m); 13C 
NMR 8 19.9, 64.2, 66.6, 71.6, 72.6, 73.2, 125.1 , 138.6, 171.7; MS (ESI) m/z (relative 
intensity) 241 ([M+Na]+, 100), HRMS (ESI) calcd. for C9H 140 6 [M+Na]+ 241.0683, 
found 241.0681. 
Acetate 110 To a solution of allylic alcohol 34 (27 mg, 0.15 mmol) in collidine (2 mL) 
was added AcCl (0.0 14 mL, 0.18 mmol) at -78 °C. Th e solution was stirred for 3 h 
and then at r.t. for 12 h. The reaction was quenched by methanol. Concentration of 
the solution followed by flash chromatography (CHCb: MeOH=20: 1) yielded acetate 
110 (27 mg, 80%) as a colorless oil. [a]~ - 81.5 (c 0.7, MeOH); R1 0.3 (CHCb: 
MeOH=4:1) ; 1H NMR 8 2.08 (3H, s), 3.37 (1H, dd, J = 7.6 Hz, J= 10.5 Hz), 3.44 (1H, 
dd, J = 7.6 Hz, J = 10.5 Hz), 4.08-4.11 (2H, m), 4.55 (1H, d, J = 12.9 Hz) , 4.75 (1H, 
d, J = 12.9 Hz), 5.82-5 .84 (1H, m); 13C NMR 8 19.9, 63.9, 72.1 , 72. 7, 76.3, 76.6, 
128.0, 135.3 ; MS (ESI) m/z (relative intensity) 241 ([M+Na]+, 100), HRMS (ESI) 
calcd. for C9H 140 6 [M+Na]+ 241.0683, found 241.0685. 
Alcohol 111 A mixture of allylic alcohol 98 (95 mg 0.50 mmol) and a catalyst amount 
of Raney Ni in ethanol (20 mL) was stirred under a hydrogen atmosphere (1 atm) for 
2 hour at r.t. The catalyst was filtered off and the filtrate was concentrated in vacuo 
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and followed by flash chromatography (n-hexane:EtOAc= 4:1) to give alcohol 111 
(78 mg, 85o/o) as a colorless oil. [a]~ 37.6 (c 1.38, CDCb); R1 0.5 (n-hexane: EtOAc 
= 1:1); IR (thin film) 3479, 2975, 2931 , 2882, 1443, 1391 , 1296, 1228, 1180, 1142, 
1112, 1038; 1H NMR 8 1.16-1.22 (12H, m), 1.44 (1H, t, J= 13.8 Hz), 1.98 (1H, dt, J 
= 14.6 Hz, J = 3.6 Hz), 2.05-2.15 (1H, m), 3.31 (1H, dd, J = 9.5 Hz, J = 10.6 Hz), 
3.43 (1H, dd, J = 9.5 Hz, J = 2.9 Hz), 3.50-3.80 (12H, m), 4.09 (1H, q, J = 7.1 Hz), 
4.62 (1H, d, J = 6.6 Hz) , 4.65 (1H, d, J = 6.6 Hz) , 4.75-4.87 (6H, m); 13C NMR 8 
15.0, 15.0, 15.0, 30.2, 36.1 , 63.1 , 63.7, 63.9, 64.3 , 67.7, 67.9, 79.8, 80.2, 81.2, 95.1 , 
95.3, 97.0, 97.1 ; MS (ESI) m/z (relative intensity) 433 ([M+Na]+, 100) HRMS (El) 
calcd. for C1 9H3s0 9 [M+Na]+ 433.2408 , found 433 .2393. 
a-D-Pseudo-glucose 49 To the 111 (78 mg, 0.19 mmol) was added TFA (2 ml) and 
H20 (0.4 ml). The solution was stirred for 0.5h at r.t. Concentration of the solution 
followed by flash chromatography (CHCb: MeOH=4: 1) yielded a-D-pseudo-glucose 
49 (32 mg, 96%) as a colorless oil. [a]~ 36.9 (c 0.60, MeOH); R1 0.2 (CHCb: 
MeOH=2: 1); 1H NMR 8 1.44 (1H, td, J = 13.8 Hz, J = 2.3 Hz), 1.85 (0.5H, t, J = 3.7 
Hz), 1.89 (0.5H, q, J = 3.7 Hz), l.91-1.97 (1H, m), 3.23 (1H, dd, J = 9.1 Hz, J = 10.4 
Hz), 3.27 (0.5H, d, J = 3.1 Hz), 3.59 (1H, t, J = 3.7 Hz), 3.68 (1H, dd, J = 2.0 Hz, J = 
5.2 Hz) , 4.00 (1H, dd, J = 3.0 Hz, J = 5.8 Hz), 4.62 (1H, d, J = 6.6 Hz) , 4.65 (1H, d, 
J = 6.6 Hz) , 4.75-4.87 (6H, m) ; 13C NMR 8 31.2, 38.9, 63 .6, 69.4, 74.5 , 75.1 , 75.4. 
J3-Hydroxy ketone 56 To a solution of 55 (0.21 g, 0.58 mmol) in toluene (10 mL) was 
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added piperidine (0.002mL, 0.017mmol) and AcOH (0.004mL, 0.017mmol). The 
solution was stirred for 3d. Concentration of the solution followed by flash 
chromatography (n-hexane: EtOAc = 3:1) to yield P-hydroxy ketone 56 (0.13g, 62o/o) 
as a colorless oil. [a]~ 28.8 (c 0.75 , CHCh); R1 0 .5 (n-hexane: EtOAc, 1:1), IR (thin 
fi 1 m) 3 4 2 0, 2 96 3, 2 8 7 5, 1 7 3 4, 16 3 6, 15 58, 14 56, 13 91 , 115 4, 11 02, 1 0 3 0; 1 H NMR 8 
0.91 (3H, t, J= 7.2 Hz), 1.16-1.26 (6H, m), 1.38-1.46 (2H, m), 1.59-1.66 (2H, m), 
2.33 (1H, d, J = 15.6 Hz), 2.86 (1H, s), 3.40 (1H, d, J = 15.6 Hz), 3.50 (1H, d, J = 
11.1 Hz), 3.60-3.76 (6H, m), 4.13 (1H, dd, J = 2.1 Hz, J = 4.8 Hz), 4.30 (1H, d, J = 
4.8 Hz), 4.64 (1H, t, J = 4.5 Hz), 4.74-4.86 (4H, m) ; 13C NMR 8 14.5, 15.5, 17.8, 30.3, 
37.0, 43.9, 64.2, 64.8, 67.6, 74.0, 75.1 , 81.8, 82.8, 95.5, 96.6, 103.6, 201.5. 
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Table 1. Crystal data and structure refinement for Alcohol 106. 
Identification code 106 
Empirical formula 
Formula weight 348.38 
Temperature 296(2) K 
Wavelength 0.71073 A 
Crystal system, space group Monoclinic, P2(1) 
Unit cell dimensions a = 9.3279(15) A alpha = 90 deg. 
b = 7.6931(13) A beta = 106.783(3) deg. 
c = 13.318(2) A gamma = 90 deg. 
Volume 915.0(3) A"3 
Z, Calculated density 2, 1.265 Mg/m"3 
92 
Absorption coefficient 0.101 mm/\-1 
F(OOO) 376 
Crystal size 0.40 x 0.30 x 0.20 mm 
Theta range for data collection 3.09 to 25.25 deg. 
Limiting indices -11 <=h<= 11 , -3 <=k<=9, -15<=1<= 15 
Reflections collected I unique 6307 I 2176 [R(int) = 0.0457] 
Completeness to theta = 25.25 99.7 o/o 
Absorption correction multi-scan 
Max. and min. transmission 0.7456 and 0.6235 
Refinement method Full-matrix least-squares on f /\2 
Data I restraints I parameters 2176 I 1 I 217 
93 
Goodness-of-fit on f /\2 I.007 
Final R indices [1>2sigma(I)] RI = 0.042I , wR2 = 0.0932 
R indices (all data) RI = 0.0754, wR2 = O.I096 
Absolute structure parameter l.I(l6) 
Largest diff. peak and hole 0.207 and -0.265 e.A /\_3 
Table 2. Atomic coordinates ( x I0/\4) and equivalent isotropic 
displacement parameters (A/\2 x I0/\3) for p. 
U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 
X y z U(eq) 
0(1) 1084(3) 9853(4) 331 0(2) 53(1) 
94 
0(2) -400(3) 6894(4) 1241(2) 54(1) 
0(3) 1733(2) 9719(3) 1755(2) 42(1) 
0(4) 1730(2) 6422(3) 2647(2) 38(1) 
0(5) 5489(2) 11819(3) 1121 (2) 44(1) 
0(6) 4746(3) 5281(3) 784(2) 50(1) 
0(7) 4959(3) 6123(3) 3486(2) 43(1) 
0(8) 5320(3) 3213(4) 3987(2) 51(1) 
C(l) 1486(5) 11619(6) 3499(4) 73(1) 
C(2) -776(4) 10307(6) 1613(4) 61(1) 
C(3) 608(4) 9327(5) 2244(3) 45(1) 
C(4) -528(4) 6857(7) 3040(3) 59(1) 
C(5) 348(4) 7356(5) 2290(3) 42(1) 
C(6) -678(5) 5085(6) 1035(4) 69(1) 
C(7) 3095(4) 8761(5) 2202(3) 34(1) 
C(8) 2756(3) 6881(5) 2064(2) 36(1) 
C(9) 4238(4) 11204(5) 1428(3) 42(1) 
C(10) 4242(4) 9299(5) 1664(3) 35(1) 
C(11) 5182(4) 8140(5) 1486(3) 40(1) 
C(12) 5172(4) 6249(5) 1742(3) 37(1) 
C(13) 4156(4) 5800(5) 2415(2) 36(1) 
C(14) 4754(4) 4809(6) 4187(3) 50(1) 
C(15) 691 0(5) 3073(8) 4335(4) 81(2) 
95 
C(16) 7391(6) 140 1(9) 3968(4) 96(2) 
Table 3. Bond lengths [A] and angles [deg] for 106. 
0(1)-C(l) 1.412(5) 
O(l)-C(3) 1.418( 4) 
0(2)-C(5) 1.415(4) 
0(2)-C(6) 1.427(5) 
0(3)-C(3) 1.419( 4) 
0(3)-C(7) 1.440( 4) 
0(4)-C(5) 1.432(4) 
0(4)-C(8) 1.439(4) 














C(l 0 )-C(11) 1.320(5) 
C( 11 )-C( 12) 1.495(6) 
C(12)-C(13) 1.521(4) 
C( 15)-C( 16) 1.491(8) 
C( 1 )-0( 1 )-C(3) 116.3(3) 
C( 5 )-0(2 )-C( 6) 116.4(3) 
C(3 )-0(3 )-C(7) 112.5(3) 
C(5)-0(4)-C(8) 111.9(3) 
C( 14 )-0(7)-C( 1 3) 113.5(3) 
C( 14 )-0(8)-C( 15) 114.9(3) 
0(1 )-C(3)-0(3) 109.8(3) 




C(2 )-C(3 )-C( 5) 113.0(3) 
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0(2)-C( 5)-0( 4) 110.0(3) 
0(2)-C(5)-C(4) 112.5(3) 
0( 4 )-C( 5)-C( 4) 105.1(3) 
0(2)-C( 5)-C(3) 1 04.3(3) 
0( 4 )-C( 5)-C(3) 111.7(3) 
C( 4 )-C( 5)-C(3) 113 .4(3) 
0(3)-C(7)-C(8) 108.5(3) 
0(3)-C(7)-C(1 0) 109 .0(3) 
C(8)-C(7)-C( 1 0) 111.4(3) 
0( 4 )-C(8)-C(7) 1 08.9(3) 
0( 4)-C(8)-C(l3) 11 0.5(3) 
C(7)-C(8)-C( 13) 111.5(3) 
0(5)-C(9)-C(l 0) 115.6(3) 
C(l1 )-C(l O)-C(9) 125.7(3) 
C( 11 )-C( 1 0 )-C(7) 120.0(3) 
C(9)-C( 1 O)-C(7) 114.2(3) 
C( 1 0)-C( 11 )-C( 12) 124.6(3) 
0(6)-C(l2)-C(11) 108.8(3) 
0(6)-C( 12)-C(13) 11 0.3(3) 
C(11 )-C(l2 )-C(13) 113 .7(3) 
0(7)-C( 13 )-C(8) 111.8(3) 
0(7)-C( 13 )-C( 12) 108.2(3) 
98 
C(8)-C(l3)-C(l2) 
0(8)-C( 14 )-0(7) 




Symmetry transformations used to generate equivalent atoms: 
Table 4. Anisotropic displacement parameters (AA2 x 101\3) for 106 











































0(6) 86(2) 25(2) 47(2) 1(1) 32(1) 1(1) 
0(7) 53(1) 32(2) 40(1) 0(1) 6(1) -1(1) 
0(8) 59(2) 41(2) 50(2) 10(1) 12(1) 7(1) 
C(l) 82(3) 44(3) 101(4) -18(3) 42(3) -1 0(3) 
C(2) 49(2) 42(3) 93(3) 9(2) 22(2) 10(2) 
C(3) 44(2) 41(3) 54(2) 3(2) 22(2) 4(2) 
C(4) 48(2) 53(3) 81(3) 8(3) 28(2) -4(2) 
C(5) 35(2) 40(3) 48(2) 3(2) 10(2) -3(2) 
C(6) 74(3) 42(4) 78(3) -1 0(2) 4(2) -8(2) 
C(7) 38(2) 27(2) 39(2) 2(2) 12(2) 2(2) 
C(8) 44(2) 25(2) 37(2) 4(2) 10(2) -2(2) 
C(9) 54(2) 23(2) 54(2) -2(2) 24(2) -4(2) 
C(lO) 42(2) 24(2) 40(2) -1(2) 12(2) -5(2) 
C(11) 48(2) 27(2) 50(2) -3(2) 22(2) 0(2) 
C(12) 44(2) 23(2) 45(2) 1(2) 15(2) 0(2) 
C(13) 49(2) 20(2) 36(2) 2(2) 7(2) -2(2) 
C(14) 65(2) 47(3) 40(2) 8(2) 19(2) 7(2) 
C(15) 68(3) 77(4) 87(3) 7(3) 6(3) 18(3) 
C(l6) 99(4) 107(6) 87(3) 2(3) 34(3) 40(4) 
Table 5. Hydrogen coordinates ( x 10/\4) and isotropic 
100 
displacement parameters (A/\2 x 10/\3) for 106 
X y z U(eq) 
H(5A) 5470 11398 552 66 
H(6A) 4732 5927 292 74 
H(lA) 1787 11834 4241 109 
H(lB) 642 12340 3166 109 
H(1C) 2301 11883 3219 109 
H(2A) -550 11524 1609 92 
H(2B) -1574 10137 1924 92 
H(2C) -1077 9878 906 92 
H(4A) -659 5619 3029 88 
H(48) -1490 7413 2830 88 
H(4C) 9 7222 3736 88 
H(68) -1179 4918 303 103 
H(6C) -1297 4654 1444 103 
H(6D) 256 4466 1220 103 
H(7A) 3474 9026 2952 41 
101 
H(8A) 2273 6653 1319 43 
H(9A) 3334 11470 872 50 
H(9B) 4193 11843 2046 50 
H(l1A) 5902 8528 1179 48 
H(l2A) 6196 5911 2128 44 
H(13A) 3888 4566 2327 44 
H(l4A) 5254 5157 4903 60 
H(l4B) 3694 4690 4117 60 
H(l5A) 7254 3124 5095 97 
H(l5B) 7353 4038 4062 97 
H(16A) 8464 1318 4205 144 
H(16B) 7058 1360 3216 144 
H(16C) 6962 448 4247 144 
102 
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1H NMR (MeOD) and 13C{ 1H} NMR (MeOD) spectra of compound gabosine I 
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1H NMR (MeOD) and 13C{ 1H} NMR (MeOD) spectra of compound streptol (27) 
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1H NMR (MeOD) and 13C{ 1H} NMR (MeOD) spectra of compound 50 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 54 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 70 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 79 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 81 
" 
··:- ... , ··;.· , ~ ~ ,._ ~=- ..:-: •. i .:;.-·:.u t·· <.:- ·~ · .... -- ~ ·.•~ •. •: :.:. : (._) ~:· : · ~ -.~ ·::- ·-:r -.~ :.•: •:· .. :~ .. r; •.' '! .... 1 ··1 : >,\ J ..:1 -.1.: •• l f ' • ~ - • ·: ·~ : • : · - ~ .. , .. , -. i '·1.l , • • t '• ·;·: : · • ,-. •··: · ·•. ·.' l ._ r; ~-' •• :- ~ •;.· ._; • ' l <? · 
~:) ' '1 ~·· ('" • !::,) , t ~ <;:) ~~~ '~ i":-7• ••' : ~ ....... q • • ' ,.,.. 1,'" • :·· ~ " ' •:,"' , ···( -1 :: !.. ('. •7 · ~ ~~ ··: 1, ~·; ·~ ' ·· ; ·;.~ c;:.• • • i J • 0 .:, ..,•: j· · '':'" :,J:> [·• :· i ··• ~i.' ·'J.' 'U " '' - · ~ ••': (.•• (-. , , ~\' • ~ ;' '.:,.": , ; j· · H: '!] • ' ' ~:: ' }, <:J ·,~ 
~~ , ... . ..:~ -·~· , .· ... .:_, · .~· <t : ":.~ f·- "- ~ • .' l ·.:. ~ --::- ·- · ~ ..:.:· ·k> <( :' ('- 0 •. Y: t"- '. tl , : :::) •S: r·- :· • •=> .• ::: ·k> <U t- ~~- '~' :.!1 ··:- ~:· ·:J ·!.> I' · -..,:.) ,_. •. , •.:· · · ·~ "" ~ ... '· ~ -· o~ 0 0 •:- · , r; f ":J 0 . .0 ,1;: ~~ ··1 "/: (-._ •.;:, 
' ..J.., .J..' ·.~ ; 'J ,: J...~ f- ('• I ' • '• 1.~ '. !,~ -..•: •."1 '-'' '! . .... ' ' ' · • ~ .. v •. · • ~ ( j ~ ; l •·• ··• 0 •,:) 1.-- I'"· ~~ '..() ',!:; ~~ ·, ~; '. !_~ '·.!J ~ ~ '. !.~ ~ !,: ~· ·r ~-·~ ·_'1 1.' 1 ,,..'"! ;,.11 >!: 1.•·: ~::.: ', f;': \ !,': ', L) •: ·: •..:'! --:' ' :"' ~ :> , , .•• · ~ ) · • ~ · ~ 1 • • -· • · .' · 
l'-. ~ \' ~ - T ; •:; · ~; ~ ~ ' ;: .. ; . ; ,.; ~ ~ ·;~ :; .. ~ <;. <; : · :~ ' ~ •:; ~ ; .o~ ( . ; _,.; , , ; , , ~ ,. ,.; • 1 ~ _,; . • ~ · • ~ f l ; · · •~ ,i'; • ' ~ ~ ~ ~ , , ~ ,.y; · ' ~ • ' ~ · ' ~ "\ .. ; .. 4 • · 1 .. ~ .. ; " 1 .. ~ • · • .. , "I ·· • ·• ,, , • 1 .. ; •• :; 
1 I -~· ' ' ' I khfrtk.Je-F~r~~~;}.-;;~~;~~ ~~~--~~:<?.;,~~:(if~;~.4f14srt?~ -&;+..l~\-1 - ' ~~~~~~---'- ·' 
t.:· .. :~KJ 
H:{).::):J 
~):"! .;:._ 
~ · ... i~~ 
l : J:;.n-:J ~~ 
i ::{)f-E;'; 
c.-:; :.: ;...:. ... 
• ~· ... t ' 
;.·.:; 
I'C 
! · ~. : :: 
' . :-: () .. ~ ..:: :: 
: : ~~ . & y 
. ;:.n :> D~·:;;~ :> ft~: _.._ 
li 







. I . 
7 








' I . 
5 
120 
. I , . 
4 











• • .!. : ·::· •• ~ ' : 
.- , .. ..,. . • _:: !--
~ 
I ~ i' 
20 0 pp m 
pp m 
:::·i)9: : ~; 
: ~ . .. 
::: ::· 
- - - - - - -- i.: i· :~~~~ ~:: ' ! ~ - - - -- -- -
~::...": ~ ; ·:c 
.j ~ . ::.; ! .:, · ~ !~.: :~ r. 
~~·;:: \ ::::t:t::Ho:o ~~i · ; 
1H NMR (CDCh) and 13C{ 1H} NMR (CDCh) spectra of compound 82 
·~': ·· • ··,, : , ; ·.!..: •:.J : • : '.v 1:-''l ,.:; ·1 ~--~~ -:·-, ~~ ~; -·· j ~ ..... -: ·• :· ·• '..!..! ·, !.: 1:•: r· ~ r.: r- ·ro ': :' -;·-, t•· <' ' ··!J ·.~ : ~_; ~_; ' ::" t- · · : '-.V :.n '...>' •::• <;' : '--~~ ~1 ·.:.,: :.~ : · ·.:.~ <:;• ··· : • .u ~;" •.!1 ~1 ·:··.; ,_,, ~ -! :· -t t-- 1-- ~.J •' < • ..>' ·:·-~ ·.!.: •..J :. • : :..~ : ~: ...-- • •.'.• 
: ~ ~ ··'"' : :..~~ -.:~ -..:.:~ :~· ... ·· j (··-1 ;..·-,a.~ ..tl : • ~ ~ : -.:: t..., <~· .... ~-:-· ·-~~ ,-;- ":;o ~ : ~~- ~~ :· · ~ -:'· i •: :• ••. , ,.,-, ... • :::J ':~ ~ ... : r- .. ,. ··D ::e c --• , ... , ~ :-- •H c; ·.:J -:···.i ~: ' ~ .c; t- -.o , . -~ c ·1 ,_:'l1 :,tl -:··-• ~ : ... ;r ·· • :-·~ ' -:" ..:·1 o i ·· ~ ~:-- :_•·: • • •"' : ·- .:.~ . .:;:, :;, • 
..: 1 ·) .• ~ ~ ::..~ :_:~ ·· · ~ "'' 0 •:J• r-- <:> ··~ : -.;r_: • " ~ ~ ·- ; ·=:J -~~-- ·J..l '·0 ~; "":"' 0..; t"'- ;_; ~ .-_::} .J"' :/ '• -~ 1. () ,., ~ •.'l -"'"' ( ') ~::\ .,( : '.£: ·.•::; ~?- <-;1 ; i 'i < I ...... ~:J ~::: :..::: ~--.; ···• t-- -~ '·0 '·fl S' i <:;> ~·· 1 ··· : .....-..i :;--~ :J ~ · •': u l ·:JJ ',!.) <:~ , ,~: ,_· -i ~··.; .-:::: ~7' ~-! • .:; 
: ·J) ·A~ t-- f··- f·· (-- '. fl •.o :.~ -: ~-~ ·>7 -~· : ., . .; < i ~- · ·J' <:~ ) -~· •. ;.: •JJ ·:J.: .• ( : ~..t~ r- · ..;; '· O ·. r~ '.V '. fl :.~: ·.o ..:: .. ~~ -..::-: u-~ u·-: · .. n (...'1 '--'"~ ·n ..: ·1 -::- -.:: ·.:! .. ~: ~r '::l ·:J• ·:J' ~;;) ,: ·: l}"! ..:1 .. ~~ ~:::< - ·~ ... ~ ·''l •• l ..,, " ' ., .. .. , .,. -- ~ -:;._~ . .r; Q.~ 
n-Pr-<0~oH~ 




V I I ' 
7 6 




200 180 160 140 120 
! ! l l I 
ri·: (~·I-·~··i 





<_: •.....; ~.:. : •• . : r- , r; .... : r·- -~· • ~ ··~· ' :..: ··.>· , i -·.;. · ····< 
,· .. ; c:J •.::; -·::. : , r:; 0 :::·~ ,·\"! ~~· : ·~ ::: ~ -:·· ·· ·· ~ : · ~ :.~ 
. . . . 











11 ; I 
~ ""'.-.,. 
_,_, 





20 0 pp m 
::1/D ~ ;::J,,. 
~: • .l. :! 
B·.l:<): ~· : .h--:: 
; ;r-:; ;!t;< 
~ - :~ :l ~- ~ -
1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 83 
: _ ; ~ i ·l: ·· • ~ ; ·.~· :_ • : ~! :.;:~ - ~ •:;- :. • : ·.J,.,' • l • • : ·· • 1;- •.' .. • :.,:: ·..,': ·:··1 ·:.~ ,.. .. I ·· ·• 1,!1 •: ;> ~~- •: ;> :.• : ··: :.,: 1 ··: !$1 ~ · 1 ""I 1.)1 •, •.,:.: ~- l ~;· ~; ' :;"' -~· ~ '·.:.1 " ' · ~ " ' · · : ·· • ~~-~: ~-., l...,. -:· "' ' •. :, : :_; ~;" ·· j •..;• •,·: t•- ·· ·• -:;• ·,.•· :. ; ·.:;- ··;o 1..) ! ~· ·1 .... 
<J •J> .. , -~ ~ ··• ;,t : · ~ :.::; : · ~ ·/· ~ ; . ... ~ ·· • ~!l < ' ~ ,- . - ··: ~ r ; - ~ :.::: :. ~: . ( ~ ·{ :- '==' •::• '·' :;:,, •. t r- ;.t~ ··'5- · :..r: ~- 1 -·:o '- ~' <l v·: .;:. :::·: -·-: -;1 ., ... · .. ~~ ·· t ~ ~ .-:o ···• ~ · ~ 1· - "·: .. ~~ ~x = ·:1 1·- ,., ~ ,-:; '· i ~ · -: -:'i :::·: -...-: .- .. , c r·- ~ · ~ ,_ :;-: ·.u ·.1.· <J 
\ !,."l '':" , ,·: C ; ·· • ~ .._:.' r - :; ! :. • ~ ·'·· i •. :::> •.1:· \(~ ~:- : •:;- :: • ~ : .. {~ ~ ·· :..~: ''!"' ~~· •:. • •.J> {-- '.(;: ( :~ ._• ·; ~;- .-v! ~- <+ ·· : 0 '· "' 1:"'· '· j 0 <::··( ·l> , r; (' ~.(i ~: •:, ':;"' , o·: .,;·J · ~ : · '~ , ; .... ,:) •.:h <t• ,1) •:0: • 1~- •.:~ ·: ;• o~· ~ ·:···~ ~ ; ... ).:> <;·· "). ! ,=., <O (•· 
''-..l ·J) >:"! < •. s.· ·.t: • .r) 1·- r:- r:- t·- ~- , ... '. t} <. ~) •:;· ·•~ · ~ · • " : , , ~ , r:: <t: c-- r·· 1:"· 1~~ L~ 1·- r- r:- r- t·- c-- '. !~ <. ( l \ t l ·.u ~:: ~...,.. ; :f.~ :t ~ ;,: ; ·:1 l.:: ~~~ ..... , •.:• -.:;· ·~ .. ' "; · :.:: ·.~ ; ·:1 :,:; ·:·1 · · ·; · · ·: ( ·~ ·:·· i ~· ; ~ ; ..... < ~ ; .-··· : .. .. ·=· • ~ · •. J:) <t; 
' ' 0 < o o 0 < 0 0 • 0 • • 0 o o '0' I I 0 I ' ' ' ' ' 1 I 1 I I 0 
c-- ·::- ·:· ··:- '::- · ;~ •:" .. ~ ·=:· ·:· ·~:- ~ :"" ·=:· ··;· ,· (! .·'(! t · ~ .·, ~ . ~ ·: . ~ ·: < · ~ , )'! :· ~ .. · ~ ,., .! .. · ~ .,..,! d! .: ··: (' ~ ~ · · 1 • •. ! ~ · ~ •• ·! :· · ~ . · ~ ... ,! ~. · ~ "' ! {' ~ , ~ ·: .:·" . 1·! ~·~ ..... . :· • .. : ·=· • .. , .. , .... ~· • .... .. . .. : .. : .::, ·:J •'J 





. l , 
·g : 'g'· 
t.D i N: 
"' i C: i 
(•) 1 
, .. r I •'< w.' , .. , .. e·· 
" I ' ' .,, · ·t I ' ~ ·~ 'j I ~ 
~t::. :~ 
~: >< ::'·!}.:· 
i' t. •:.C1:'; 
; :m:c ~ .: ::::1:. 
~ :-c E-. : ~ : · ~: ~~• t, p;~:<n. ; ::.c 
: ~:; ::.: ~ s-.v~: :::.:; ! ::. 
-::·:· t ~: !~ ! ~ 
;;:,, ~-; 
.~· :: ;;::::.:::..£ 
: ~ :: :.: ,; . . / :: ~: r..; 
11 . 1 :: :: ., :: :~ r~: · 
.-:.:.~~.:.::.:. Cf :Y~r.:1t.:. ~. 
}t)C; 
E. ::: <i .: -1 ;.: ; ,, 
•• ~) ~). : .: :; ·~ -:s ; ;) :.c:. :-· 
,l)D 
7 6 5 4 3 
r. 
2 pp m 
• • 'o O : I I o I 0 I 
·?. ~~ '·~ S:~ s !~: ;y :·;.~ :·;; :~ ~1 ~r r-: ~ ;£~ ~~ ~~ i~ ;2 ~g :~g ·~T: .~t~ ~.~~ .:z~ .:.~ :.~; ~ . :::.. ;. :~.; :~; · ~ 9: i~ .. ; ~ -- ~ : - ~ ~~.: ~-~ ~.~; :=~ < 
--k '"k~~ ;?~~~L~~~ \/ ~~~~;~~=d'~~: ·.;#~~d~:~~~,~r~~,~-~:--" 
83 
200 180 160 140 120 100 80 60 40 20 0 pp m 
~··.;.u .... ..:. ,. : .-. !:·9 ! ::;:c· 
:: .•.!: !)..) 
t' t> o:"J t.~1.~) 
;:,. .• ~ . .;, :: ;: t:- ~ ! :::: :; 
_.;..,:....,;..:.,...:.. :.;..;. ·.::; >·~<~t :.. ~ ! ___ .;.;..,_ ..,_ 
! :!C' 
11 - t . ~: 
-::· . ~ :; 














... )1, _·--··-----~.- j 
{.,J 
·C'-.1 
~ av ~ p·: •r: ( ',~ ... . , ""·4 : .. ·1 : ... : .... , ~ , ... 
:.::.) "-f '(f u-: C · ~;r .... , :.::.) C"'! c<.; <.::. -::~, 
~· q ·":.:J n) <-:-~ r··.. ;,.;.> ~·;..,.: :· .. ·1 h ; (· ~ J ~ ... ~ •:" 
~ .. ) ~-: 1.)'1 ~ '7 
...... ~·-. t.C:: u::: c 
- ~ ··· r ··t·· :>- -·1··· ~ .. . , .. ~ ··;-·· ~ -·· : , . ! ··:>-·· s··· ,···r ·· ! ··r ·· ~ 
- - ....... ....... - ....... ...., <~) (:) (~~ 
(~~~i_~-b~L,A- _; 
:: .... ;.(') !:_-, ... . 
... . , ''-l ::r! .... . 
·o ~c· :·!··· ~P 
t::ur·r·ef:t 1J~;: ;j t ~r:H•£:~€ ~ · ·; 
~i!.~( ~ 1 _})9090 ~ 
D r<I<C 
PRGZ:r«; 
r;: l.<. ;o~:.;..:A!=; Jt 100 :.r?.-~· A(~t· I P.:''-1 
n.~ I ~ .. i.-Yi~; ;t~;~!) t 
f H~~ ~·: 0 ! 
~ ,{~Tf\~ ~: a .:tCu'J 
Pr;ce~;,:;: 5 ur;; ea(: sa .. 1 11 
PI.:Lf'l'<j:C. Li.l 
·n o,nr,o 
Sf}l.\1£}"'1" ~DC lJ 
~i~~ ; ~~ 
~.j !llit : c.-.;~t. ~ IJ I:i r: 
r: ·: r:P~·s <:!. t.·?~~.i9 I": 
55 G(u:) u·:v.: ".: 
79 ~3 u ~;;,~ -~ 
- •- - •~•- <.;~.\M~:L : : ••-·~- --
Nl:U Hi 
P1 5 GO U ~:.'..' ·~ 
PI. ' - ~? 09 (18 
SFCI ?f~·} : 3 ~2fl(u) t4:;·: 
0 :" :::< i: :, ~. 1119 ::": .::·r ~=-:nr~ ~ f\1~<'; 
~; ; .i? :"hH 
~) 1 : J(!(1 . : .~;>!.1Uf;6 !*~ i. 
~e 
GO 
HJ ~.;)'«;.~ ;:-~ r.-·! p.:) :"" 4:f.f. t ~ r::. 
1.:x :.·;) iJ(I r..:r: 
(; ·( ~:: ll~ ( .:Y. 
f H- ~' O~iB ~~"· 
;l 2: -~:s 53 h1:: 
F2r - :: 395 "' ~ . u= 
PV ._,(~ {;. ~:~'JfJ5 fl ~) (r / ·:>~1 
H.?..C ~ I ;:~;. 95PJ? F!' :'< .. n 
Ct.l rr'e::"~ U~ t. ~ ~=: = - ~- ~P tP.r~ 
NM~:r :-*;: t : r.:9n~~-: ; 1 
t xi;~~'.l 
>-·H~U<:i 
F2 - •\-: ~:.: ;~:, ltJ ·::·· n..::r :J rr-:~~~ ; ·::. 
O(lt <: Z:' {{: IJ•J-30 1 
21 11 
~ t() F~;:}'-1 :::t, • :G~; 
Pf:I J.~r:.:'·f~ r~~t- :C.BD L\ t)·- I ~·~ 
Pl;l P>-XG ~:~hit 
:: ['; f! ~~ -}{:. 
~~ Cl. "'~: :": T CU( I :.:. 
N~i ?· ';:~ 
~i !wi~ · :>~'ti ( !·) ! ·!(;. •I! 
F : e~:~f :~ ~~ .::t .-sG.Ol:4 1:: 
Ml >! .. ~~} 1 tH~: ::. r. r. 
nG &J ~-2 
I ~-~ t> C:f.'uJ:'}i}C ~ ~· :' 
:'~ . ~})00t:l(!0\;· ~ ~t' 
p ~ ] . (1( .. -::.er: 
Pt.1 · t> .<:J'o ~·:> 





H. I / 
!:~f (~ 
CH.t,/'.~>t't _ t 2 
fi tH: Jt · 
w 
F?. .. "·"'''"'"; c.; ""''''et;;·c ; 
s~ G!i~.:~':: 
~~ f' }·~ . ,H, 7.:-~;t~;: "'1:-i:: 
riD~ E"" 
SBfl 
LB 3.00 ·i:: 
GO 
Fe l . "'~ 
130 
... t~:  ~:;: r.~ 
·· ~i80 . ~) ~ 1 
~·J ~:;:?De~ :: :~ ~ io· 
--j-~15 8'5? JC •i.u\ r 
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1H NMR (CDCl3) and 13C{ 1H} NMR (CDCb) spectra of compound 86 
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1H NMR (CDCb) and 13CeH} NMR (CDCb) spectra of compound 87 
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1H NMR (CDCh) and 13C{ 1H} NMR (CDCb) spectra of compound 92 
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1H NMR (CDCb) and 13C{1H} NMR (CDCb) spectra of compound 93 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 94 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 95 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCh) spectra of compound 99 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 101 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 102 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 103 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 106 
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1H NMR (CDCh) and 13C{ 1H} NMR (CDCh) spectra of compound 108 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 109 
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1H NMR (CDCb) and 13C{ 1H} NMR (CDCb) spectra of compound 111 
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